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PREFACE 

As stated in the sub-title, this manual is intended to be used 
by first-year students in surveying and especially for non-civil 
engineering students. It is particularly adapted to the needs of 
mechanical, electrical and chemical engineers, and of students in 
agriculture and architecture, as well as those in secondary schools. 
On the other hand, it is extended enough to be of service to first- 
year students in civil engineering as a field guide. 

Attention is called to the following features: 

1. A description of each instrument or class of work followed 
by problems worked out in detail. It is believed that by this 
arrangement oral instruction may be greatly reduced. 

2. Sample field notes reproduced at the same scale as drawn, 
which is practically that in a regular field book. By this method, 
a reasonable standard of execution is presented. Since several 

^ methods and suggestions are given in each problem, the initi- 
^ ative of the student is not limited. 

H 3. A set of tables sufficient for the ordinary work of surveying. 

i These tables are included for ease of access. 

The author is indebted to C. L. Berger and Sons for Figures 3, 
4, 5, 6, 18 and 34; to the Bausch and Lomb Optical Company for 
Figure 17; to W. and L. E. Gurley for Figures 16, 29 and 55; to 
John Wiley & Sons for furnishing Tables I to VIII and XI to 
XIII; and to the Superintendent of the United States Coast & 
Geodetic Survey for furnishing the material for Tables IX and X. 
Tables I to VIII are from Ives and Hilts' "Problems in Surveying, 
etc.," and Tables XI to XIII are from Webb's "Raiboad Con- 
struction." 

The author wishes to make especial acknowledgment to 
Mr. Albert S. Crandon who made most of the drawings for the 
illustrations and sample notes. 

H. C. I. 
Worcester, Mass., 
Auguatf 1914. 
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CHAPTER I 

GENERAL INSTRUCTIONS 

Introduction. In this chapter there will be given several 
suggestions and directions which apply to all surveying work 
regardless of the particular instruments used. 

Accuracy. The most important thing in a survey is that the 
work be sufficiently accurate for the purpose in hand. The 
accuracy should be not only reasonable, but consistent. For 
instance, in making a survey of a tract of land where grass plots, 
walks, etc., are to be located as well as the boundary lines, the 
former should not be located as accurately as the latter, and time 
will be wasted if measurements are carried to the same precision 
for both. 

Computations. A rule very commonly observed in computa- 
tion is that the work be carried one decimal place further than 
that to which the measurements were made in the field. 

Objects of a Survey, A student survey is made for the follow- 
ing objects: to give practice in the use of instruments; to secure 
data for computing; to obtain information for making a plot 
or map. These last two objects are often the basis of the design 
of some proposed work. In practical work, the first object of 
course drops out of consideration. Naturally in this book several 
of the problems are given with a view that students shall become 
familiar with as many of the different instruments as possible, 
and no computations or maps are made in such cases. 

Surveying. The work of the surveyor may be divided into 
three parts: (1) The Care and Adjustment of Instruments; (2) 
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2 SURVEYING MANUAL 

Field Work; (3) Office Work. No line of distinction is made 
between these parts in the problems of this book. 

In plane surveying no account is taken of the earth's curvature, 
while in geodetic surveying account is so taken. The three 
principal things in the work of plane surveying are: the measure- 
ment of the distances; the measurement of the differences of ele- 
vation; and the measurement of angles. In geodetic work the fol- 
lowing are added : the determination of latitude, longitude, time, 
and true north. In some parts of plane surveying, such as hydro- 
graphic work, account of time is frequently taken but there is no 
actual determination of such. Also, in determining the declina- 
tion of the needle and in surveys requiring the use of a true 
meridian a knowledge of certain astronomical terms used in 
geodetic work is necessary. 

Location of Points. In plane surveying the relative position 
of points is determined, while in geodetic surveying their absolute 
positions on the earth's surface are found. With three angles of 
a triangle given, there may be an infinite number of such triangles 
on the earth's surface, while if the latitude and longitude of one 
station of the triangle are determined, the triangle has an absolute 
position on the earth's surface. 

The relative position of a point is found in one of the follow- 
ing ways: 

I. By an angle from a given line and a distance from a given 
point, as 1 of Fig. 1. This method is used with the transit both 
in ordinary surveys, and in the location of railroad curves. 

II. By measuring the distances from two given points to the 
required points. 2 of Fig. 1. This method is used in chain or 
tape surveys and in referencing points. 

III. By rectangular coordinates, i.e., by the perpendicular 
distance from a line to the desired point and the distance along 
the line from a fixed point. 3 of Fig. 1. This method is often 
used in the location of comers of buildings. 

IV. By the intersection of two lines, located by an angle 
measured at each end of a given base line. 4 of Fig. 1. This 
method is used in plane table wotk and the location of soundings 
in hydrographic surveys. 
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V. By a distance from one given point and an angle from 
another as in 5 of Fig. 1. 

VI. By the intersection of two diagonal lines joining two pairs 
of points so that they intersect at a given point. 6 of Fig. 1. 
This method is used in referencing points, and in setting monu- 
ments to replace the stakes in any survey. 
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Sights. On all classes of surveys sights are given in one of 
three ways: first, by use of a range pole; second, by use of a 
plumb-bob; and third, by a pencil. On long sights the cross- 
wires cover such a width that a range pole must be used in giving 
a sight. It is particularly important in such cases, that the range 
pole be plumb and it may be made so by first balancing it between 
the thumb and first finger of each hand and then moving it 
laterally to the point. For medium length sights the plumb-bob 
string may be used, and where the stake or point can be seen, a 
pencil may be used in giving the sight. In all three cases, when 
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sighting with the instrument the lowest point of the range pole, 
string or pencil should be taken. 

Field Signals. A proper system of signals should be arranged. 
It is advised that hand signals be used, in preference to vocal 
signals except at close intervals. Following are some of the more 
common signals: 

" Right " or " Left." The arm is extended in the desired direc- 
tion and the movement regulated by the distance required. 

" Up " or " Down." The arm is raised or lowered according 
to the magnitude of the movement desired. The right arm is 
often used for the " up " signal, and the left for the " down." 

"All Right." Both arms are extended horizontally and moved 
vertically. This signal does not necessarily mean that the rod- 
man is to return to the instrument. A " Come Back " or " Re- 
turn " signal is sometimes given by describing a circle with a 
handkerchief, in front of the body. 

" Plumb the Pole " or " Rod." To plumb to the right, extend 
right arm vertically and incline body and arm in that direction, 
and vice versa. 

'^ Transit Point." If the transitman wishes a transit point to 
be set, the arm is swung slowly above the head. 

" Give Line." When the rodman desires to be placed on line, 
he holds his range pole, with both hands, horizontally above his 
head and then brings it to a vertical position. 

Note Keeping. The points noted below are of such importance 
that they are brought together under one heading, although 
attention will be called to them in the different problems. 

1. The date, personnel of party, and numbers of instruments 
should be given for each problem. 

2. At the top of each double page the number of the problem 
and its title should be given. 

3. Number each righlr-hand page. Place an index in the back 
of the book. The index should contain the number and title 
of the problem and the page on which it is given. Keep this 
index up to date. 

4. All notes, descriptions, etc., must be in the Reinhardt 
style of lettering and well executed. No writing will be allowed 
in the book. 
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5. Notes must be entered in the field book during the prog« 
ress of the work, and in no case are they to be taken on small 
slips of paper and transferred to the book later. 

6. Only hard pencils are to be used. 

7. The student's name is to be placed in waterproof ink on 
the outside of the book. 

8. Unless notice is given to the contrary^ books are to be sub- 
mitted at the end of the exercise with notes complete and 
corrections made. In no case is a student to leave the work 
without being excused by the instructor in charge of his section. 

9. The necessary corrections and additions are to be made 
promptly, as required. T!he handling of this matter will, of 
course, depend on the view of the instructor in chaise of the 
work, and detailed directions will accordingly be given by him. 

10. Students are held responsible for all equipment issued 
to them, and the attention of an instructor should at once be 
called to any damaged article. 

"Don'ts." If strict attention is paid to the points noted 
below not only will there result a minimum wear and tear on the 
instruments, but there will be inculcated in the student a habit 
of proper precaution. 

1. Do not leave an instrument unguarded in a street, road, or 
pasture, or in close vicinity to blasting, 

2. Do not lean an instrument up against a building or other 
object, but see that it is firmly set up on its legs. 

3. Do not carry an instrument over your shoulder until you 
are out of doors, but carry it under your arm. 

4. Do not strain any of the screws of an instrument, but re- 
member that they are made of brass, and need to be clamped 
but lightly. 

5. Do not attempt to force the tangent-screws to their extreme 
limit in either direction. 

6. Do not pass in equipment which is liable to rust, until it 
has been thoroughly wiped off. 

7. Do not fail to see, when you pass in an instrument, that 
it is centered and leveled; that the needle is raised; that sun- 
shade and cover are with it; that object glass is drawn back by 
focusing screw; that plumb-bob cord is wound around the bob. 



6 SURVEYING MANUAL 

8. Do not forget to keep the needle raised when it is not in 
use. 

9. Do not tie up tapes with plumb-bob cord, but see that 
they are securely tied up in the form of a figure 8 when they 
are without reels. 

10. Do not try to throw out a tape as you would an engi- 
neer's chain. It won't work. 

11. Do not stand directly back of your instrument when sight- 
ing through it, but place yourself in a comfortable position on 
the side, and bend your body sidewise. 

12. Do not batter up the points of plumb-bobs. 

13. Do not chop stones with the hatchet or brush-hook. 

14. Do not throw equipment around in a careless manner, but 
remember that each article is an instrument of precision. 

15. Do not fail to return stakes to the collie when not used 
for permanent marks. 

16. Do not forget to carry your magnifying-glass and adjust- 
ing pin with you. 



CHAPTER II 
THE CHAIN AND TAPE 

Instruments. The instruments commonly used for measuring 
lines are the engineer's chain (Fig. 2a), the Gunter's chain (Fig. 
2b) and the tape. The engineer's chain is either 50 or 100 feet 
long and is divided into links of one foot each. The Gunter's 
chain is 66 feet in length and is divided into one hundred links of 
7.92 inches each. Every ten-link point is marked by a specially 
notched brass tag. On the hundred-foot chain and also on the 
Gunter's chain both the tenth and the ninetieth links each have 
a tag with one notch on it; at the twentieth and eightieth links 
each tag has two notches, and so on, the fiftieth link usually 
having an oblong or a circular tag. Care must therefore be taken 
that the reading be made from the proper end of the chain. 

The Gunter's chain was used in laying out the United States 
Public Lands and in some of the earlier surveys in various sections 
of the country. It has two advantages: first, there are 80 chains 
to the mile; and second, having found the area in square chains, 
the value in acres may be found by dividing by ten or pointing 
off one to the left. 

The principal objection to the use of the chain is that its length 
is not permanent, due to the number of wearing surfaces and to 
the liability of the links becoming bent. 

There are four common kinds of tapes: First, tapes where 
only the end graduations are marked by fine lines, the tape ex- 
tending a short distance beyond these lines on both ends. This 
form is used in geodetic work. Second, where the tape is gradu- 
ated to feet, tenths and hundredths throughout, the zero point 
being usually at the end of the tape, with a short piece beyond 
the hundred-foot end for attaching in a box. (Fig. 2d.) This 
form is generally used for city work. Third, where the tape is 
graduated to feet and the end feet to tenths. This form is used 
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for ordinary work. There are two common forms of this tape, 
the Chicago (Fig. 2c) and the band (Fig. 2e) or Roe. Foiirth, 
the metallic or woven tape (Fig. 2f). It is used for rough and 
approximate work, such as filling in details. 

Remark, The graduations in the last three forms may of 
course be to feet and inches, instead of feet and tenths. 

Acceasoriea. The accessories used in chaining are a set of 
marking pins and plumb-bobs, together with two or more ranging 
poles for lining purposes. The marking pins are used to mark 
the ends of the tape, and after the tape is made horizontal a 
plumb-bob is used for transferring the point at the end of the 
tape to the ground. 

Use of the Chain or Tape. Since horizontal distances are 
always desired in surveying, the chain or tape must be held 
horizontally while measuring. The work of measuring a line on 
sloping ground is as follows: A range pole is placed back of one 
of the points (preferably the lower one). After undoing the 
chain or tape, the head chainman proceeds along the line until the 
zero end of the tape comes to the rear chainman. The h^ad 
chainman is then placed on line either by the eye of the rear chain- 
man, or in some cases, by the transitman. The tape is then 
made as nearly horizontal as possible and its end is transferred to 
the ground by use of a bob. A marking pin is set where the bob 
strikes the ground. In measuring it is better for the head chain- 
man to stand at one side of the tape, grip the handle of the tape 
in one hand, and use the bob with the other hand. The pin should 
be pressed into the ground on a slant, so that in plumbing the bob 
may strike the pin where it enters the ground. 

Where the chain is used, the outside of the rear handle is 
brought against the pin and the head chainman plumbs from the 
inside of his handle. This is necessary because the standard 
length of the chain is from center to center of handles. In 
measuring with a tape, the graduations are used. 

If the ground falls rapidly, a partial tape length must be used. 
This operation is called " breaking chain." 

Care must be exercised in keeping account of the number of 
tape lengths. There are usually eleven pins in a set, the head 
chainman either placing a pin at the starting point, or giving one 
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to the rear chainman. After the forward pin is set, and the sig- 
nal is given, the rear chainman removes his pin from the ground. 
The head chainman, having used all of the set, awaits the arrival 
of the rear chainman. The pins are then checked up, the one 
remaining in the ground not being counted. The work proceeds 
in this way until the whole line is measured. In case of '' break- 
ing chain " a predetermined S3rstem of record must be adopted. 

PrecatUions. There are three difficulties to be overcome in 
measuring. First, the tape must be made horizontal; second, a 
constant tension must be exerted; and third, the point at the 
forward end of the tape must be properly transferred to the 
ground. It is very difficult to do any of these exactly. 

We may judge in one of three ways whether or not the tape is 
horizontal. A level vial may be placed near each end of the 
tape; or we may try to secure a right angle between the tape and 
the bob; or finally, the rise or fall in a certain distance may be 
estimated (or actually measured by use of a level and rod), and 
the tape raised to offset this difference in elevation. The last 
method is the one most commonly used. 

A constant tension may be secured by use of a spring balance. 
The normal tension is a tension such that the amount of elonga- 
tion of the tape will counterbalance the sag. The normal tension 
for a tape is not particularly excessive, but it is decidedly so for 
a chain. For this reason, in using a chain, a certain tension lower 
than the normal is used in the field, and whenever advisable a 
correction is made. 

If the measurement is made down hill, it is less difficult to 
transfer the forward point to the groimd than otherwise, inas- 
much as one end of the tape is at a fixed point. Provided the 
head chainman stands and holds the tape as previously directed, 
he wiU soon become proficient in his work. 

Errors and Mistakes. Among the common sources of error in 
measurement of distances are: poor alignment; incorrect plumb- 
ing; variable or insufficient pull; variable temperature; and 
incorrect length of tape. 

The following mistakes are liable to occur: omitting a whole 
chain or tape length; reading from the wrong end of the tape or 
chain; transposing figures in reading, such as 48.26 for 48.62; 
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and reading the wrong foot, as 68.26 for 69.26. Errors and 
mistakes may be avoided to a great extent by proper attention 
and care. 

Testing the Chain or Tape. A chain or tape is usually 
standardized at 62^ F. under a ten-pound tension and supported 
throughout. If conditions other than these prevail in the field, 
the proper corrections should be made. 

For each change of one d^ree in temperature, a chain or tape 
will change by 0.0000065 of its length. A standard base line may 
be laid off, its length found, and tapes or chains compared with 
it. Assuming a tape whose length I is known under standard 
conditions, the base line may be laid out as follows: In a free 
passageway, practically level, place a permanent mark to indicate 
the beginning of the base line. Stretch the tape at the proper 
tension, note the temperature, and mark the end of the base line. 
The length of the base is then equal to 0.0000065 (T - 62'') I, 
where T is the temperature of the tape. Any chain or tape may 
be compared with this line, the temperature at the time being 
noted in order to reduce the length to that at 62° F. The com« 
parison of lengths for this rough method may be made by use of 
a magnifying glass and a finely graduated scale. For the de- 
tailed work of testing see Problem A4. 

For rough work, if the chain or tape is practically correct in 
length under standard conditions, the temperature correction 
may be neglected. 

Since in the field the chain or tape is usually suspended while 
in use, the pull must be increased to overcome the effect of sag. 
The tension necessary to accomplish this is called the normal 
tensian and has previously been discussed. The method of find- 
ing the normal tension is given in Problem A4. 

Other Measuring Instruments. The pedometer is a pocket 
instrument for registering the distance covered in pacing. It 
resembles a watch in form, and when in use is attached to the belt 
in an upright position. The jar received at each step causes a 
weighted lever to drop upon an adjustable screw. The lever 
returns to position by aid of a spring, thereby turning a ratchet 
wheel, transmitting the motion to record on the dial. The ad- 
justable screw may be regulated to any length of pace. The 
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passometer is an instrument built on similar principles to the 
pedometer, but registers the number of paces only. The odonv' 
eter is an instrument which is attached to the wheel of a vehicle 
to record the number of revolutions. 

The engineers' transit, sometimes called the imiversal survey- 
ing instrument, may be equipped with two horizontal wires. 
These wires are so spaced that they intercept one foot on a self- 
reading rod for every interval of 100 feet. These wires are called 
stadia wires, and measurements so taken are called stadia meas- 
urements. Single measurements taken by the stadia alone may 
not compare favorably with those taken by the tape, but owing 
to the compensating nature of the errors, the results in a stadia 
survey will compare favorably with those in rough surveys made 
in other ways. 

Use of Tape Alone* The chain or tape alone may be used in 
finding the area of closed figures, or in finding the areas of figures 
with curved sides. Either may be used in many rough problems. 
In railroad surveying, curves for branch lines and turnouts are 
sometimes laid out with the chain or tape. In any case the 
nature of the problem wiU govern the instrument to be used. 

SPECIAL EXERCISES 

The exercises below may be worked out by the student by use 
of the chain or tape alone. It was thought best not to work them 
up in the form of special problems, as in Problems Al to A5. 

1. To measure the distance between two points which are not 
visible from each other. 

SokUion, Place range poles at the two points. The chain- 
men* range themselves in between the points by successive 
approximations. After the line is thus established it may be 
measured. 

2. To measure the distance between two points when woods 
intervene, without clearing the true line. 

Solution. Run out a trial line by use of range poles leaving 
fixed points. Find the resulting error at the end of the line and 
move all points over their true proportional amount. Then 
measu^ the length of the true line. 
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3. To lay out a right angle at a given point in a given Une. 
Solution, A triangle whose sides are multiples of 3, 4, 5, will 

be right-angled. When the tape is used, 5- or 10-ft. loops may 
be left at two of the three angles* For instance, standing at the 
given point, hold the 12- and 22-ft. points of the tape. Place 
the tape along the giv^i line and hold at the 38-ft. graduation 
of the tape. Coil the tape, bringing together the 38- and 48-ft. 
points, thus forming a IQ-ft. loop. Hold the 73-ft. and zero grad- 
uations together. Then the angle formed at the given point is 
a right angle. 

4. To prolong a line beyond a given obstacle. 

SoluHon. First, by an isosceles triangle. Second, form an 
equilateral triangle. Third, by rectangular offsets. 

Note. In all cases the longer the si^ts the more accurate will 
be the work. 

CHAINING PROBLEMS 

PROBLEM Al. MEASUREMENT OF THE LENGTH OF 
A LINE WITH A STEEL TAPE OR CHAIN 

Equipment Hundred-foot steel tape or chain, two or more 
range poles, set of marking pins, two plumb-bobs, hatchet, 
stakes and tacks. 

Problem. To measure the distance between two fixed points. 

Method. If no permanent monuments are available, set two 
stakes about 1000 feet apart. The difference in elevation of 
the stakes should be considerable and the slope between them 
variable. Set a range pole in back of one stake, and measure 
towards it from the other stake. For the detailed work of 
measuring, see pages 9 and 10. 

In imdoing the chain, take the two handles in the left hand 
and the chain bundle in the right hand. Throw the bundle in a 
direction opposite to that in which the measurement is to be made, 
the handles stiU remaining in the left hand. When a tape is to 
be used, it is either unreeled or, in case it is done up in the form 
of a figure 8 or a circle, taken off strand by strand, being careful 
that the pressure is not released. 

Measure the distance at least three times by plumbing, re- 
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membering that when the slope is steep the chain must be broken 
at frequent intervals. Measure twice along the slope. The 
measurements along the slope are made in order to show the effect 
of slope on distance, and, provided the inclination is not too 
steep, the inclined distance may be used in Problem A2 in finding 
the length of pace. 

Computations. Compute on the right-hand page the average 
length of line as obtained by plumbing, and the same for the 
measiurements along the slope. In each case find the ratio of the 
extreme range to the mean length. This should not be greater 
than 1/1000 part of the mean length. 

The extreme^ range is the difference between the largest and 
the smallest measurements. 

Form of Notes. Follow the form given below, being par- 
ticularly careful to meet all requirements as indicated under 
Note Keeping on pages 4 and 5. 
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PROBLEM A2. LENGTH OF PACE 

Equipment. If the line measured in Problem Al has not too 
great a slope, it may be used in determining the length of pace 
in which case no equipment is needed. Otherwise take a hundred- 
foot tape and a set of marking pins. 

Problem. To find the length of the natural pace and also an 
assumed three-foot pace. 

Method. Lay off a line from 400 to 700 feet in length on fairly 
level ground. Pace the distance at least four times, using a 
natural step, and then four times using an assumed 3 foot pace. 
In both methods always estimate the fractional pace at the end. 
Find, in a similar way to that given in the form below, the length 
of both the natural and assumed 3 foot paces, together with the 
number of each in a 100-foot length. Give the usual information 
on the right-hand page of the book. 
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PROBLEM A3. MEASURING THE ANGLES OF A PEN- 
TAGON WITH CHAIN OR TAPE 

Eqtiipment. Chain or tape, three range poles, set of marking 
pins, two plumb-bobs, hatchet and stakes. 

Problem. To measure the angles of a pentagon with chain or 
tape. 

Theory. If equal distances (d) are laid off on the two sides of 
an angle, A, and the distance (a) between them measured, then 

1 a 
sin- A = -— ■• 

2 2d 

Method. Drive five stakes, forming a pentagon with angles 
between 90** and 120** and sides from 200 to 400 feet in length. 
Starting at one station, place a range pole at each adjacent 
station. Lay off equal distances (d) on the two sides of the angle 
at this station, marking the points by pins. Measure the dis- 
tance between the pins. The distance (d) should not be less than 
25 feet. (The greater the distance, the more accurate the 
results.) Proceed in like manner at the other stations. Some- 
times it may be better to measure the supplement of the angle 
instead of the angle itself. Measure the sides of the pentagon. 

Computations. Calculate the angles by the formula given 
above. Assume one side of the figure as a meridian, and from 
the computed angles, find the bearings of the other sides. Com- 
pute the latitudes and departures and find the error of closure. 
See Chapter XI for complete explanation of these terms. 
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PROBLEM A4. TESTING A CHAIN OR TAPE. (ROUGH 

METHOD.) 

Equipment Standard tape, chain or tape to be tested, two 
plumb-bobs, thermometer, scale, brass tacks, and a small piece 
of cardboard. 

Problem. First, to determine the absolute length of a chain or 
steel tape, and second, to determine the normal tension of the same. 

Theory. For each change of one degree in temperature a chain 
or steel tape wiU change by 0.0000065 of its length. By use of 
the standard tape, a base line may be laid down, its length found, 
and the chain or tape compared with it. For further information 
on this subject see page 11. The normal tension is the tension 
required to overcome the correction for sag. 

Method. First, to find the absolute length of the tape. Place 
a brass tack in the floor of a passageway and make a finely 
scratched line on it. Stretch out the standard tape and when 
under a tension of ten pounds, with the zero graduation coinciding 
with the line on the tack, mark a point on a piece of cardboard 
placed at the 100 ft. graduation. The friction may be partially 
eliminated by going to the center of the tape and alternately 
raising and lowering it. The temperature at the 50-ft. gradua* 
tion is noted. 

If I = the absolute length of the tape at 62** F. and 10 lbs. 
tension, supported throughout, and 
t = the observed temperature, 
then V =» length of base line = Z + Z (< - 62**) 0.0000066. 

Apply the chain or tape to be tested to this base. Note the 
difference in length of the tape and base line under a 10 lb. 
tension with the friction eliminated. Make four trials of this test. 

When a rough determination only is desired, provided the 
temperature is not far from 62®, the difference in length noted 
may be applied with the proper sign to the length of the base line. 
If a more precise value is wanted, it may be found as follows: 
Let Z" = absolute length of tape to be tested; 

<' = temperature at time of test; 
d = difference in length of base line and tape; 
then l±d ^l" -\- 1" {V - 62**) 0.0000065, or from which 
V' ^V dtd- V (r - 62**) 0.0000065. 
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(Strictly speaking, V in the last term of the right-hand member 
should be T', but the resulting error is inappreciable.) 

Second, to find the normal tension. Hold the chain or tape clear 
of the floor and note the tension necessary to bring the end 
graduations over the same points as when supported throughout 
under the 10-lb. tension. Plumb-bobs are used to bnng the end 
graduations over the points on the floor. Make four repetitions 
of this part of the problem. 
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PROBLEM A5. SURVEY OF A FIELD WITH A CURVED 

SIDE BY TAPE ALONE 

Equipment. 100-ft. steel tape, 50-ft. metallic tape, set of 
marking pins, two plumb-bobs, range poles. 

Theory and Method. A base line is laid out adjacent to the 
curved side of the field, and right angle offsets are taken from this 
base line to the points on the curved side. Offsets may be taken 
at regular or irregular intervals, the aim being to locate the 
principal changes in direction. The ends of the base Une may be 
tied in to the other comers of the field, and the area of the re- 
mainder of the field may be found by dividing it into some form 
or forms of triangles. 

Computations. Calculate the area of the portion between the 
base line and the curved line by the " Trapezoidal Rule," which 
in this case amounts to multiplying the mean of the offsets to two 
adjacent points by the distance between the offsets. Many other 
methods of computation are given in the larger textbooks on 
surveying. 

Form of Notes. The notes may best be kept in the form of a 
sketch, together with a tabulation of offsets, if thought advisable. 
The particular form of notes may be left to the ingenuity of 
the student. 



CHAPTER III 
THE LEVEL 

The Level. The engineer's levd consists of a telescopic line 
of sight attached to a spirit level, properly supported, and 
revolving on a vertical axis. 

There are two types of level, the wye and the dumpy. See 
Figs. 3 and 4. The telescope of the former rests upon Y-shaped 
.supports, from which it may be removed, while that of the dumpy 
level is fixed. Their uses in the field are similar, but the methods 
of adjustment differ slightly. 

FUNDAMENTAL PRINCIPLES 

The Telescope. The objective or object glass is a compound 
lens which collects the light, and forms an image at the plane of 
the cross-wires. The cross-wires are attached to a brass ring 
called the reticide, which is held in place by capstan-screws. The 
eyepiece magnifies the image, which remains imrerted with two 
lenses, and re-inverts with four lenses. The line joining the 
optical center of the wires is called the line of coUimation. The 
construction of the instrument may best be seen from the sec- 
tional view in Fig. 5. 

The Level Vial. The level vial consists of a glass tube bent 
or ground to the arc of a circle. It is nearly filled with ether or 
some other fluid, the remaining space being occupied with vapor, 
which forms a bubble. A line tangent to the inner surface of the 
vial at the center of the bubble is a level line, and is called the 
axis of the bubble. When the bubble is in the center of the tube 
its axis is horizontal, and if the bubble keeps a constant position 
in the tube, upon revolving horizontally, the Une of collimation 
will describe a horizontal plane. The difference of elevation of 
points may then be found by taking rod readings upon them. 
The differences of rod readings, neglecting the curvature of the 
earth, will give the differences in elevation of points. 
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The principal adjustments of the level consist in making the 
line of collimation parallel to the axis of the bubble, and in making 
the axis of the bubble perpendicular to the vertical axis of the 
instrument. The first adjustment is necessary where sights are 
not equal in length, but the second is a matter of convenience. 
For complete description of the adjustment of the level see pages 
32 to 37, and for field notes on adjustments see Problem B4. 

Focusing and Parallax. As previously stated, the object 
glass collects the rays of light from the object viewed and forma 
an image at the plane of the cross-wires. The image formed by 
the object glass should lie in the same plane as the cross-wires. 
If they do not coincide, there will be a slight movement of the 
cross-wires on the image as the eye is moved behind the eyepiece. 
This apparent movement is called parallax. It may be removed 
by changing either the position of the eyepiece, or by bringing 
the object into better focus. Ordinarily, before taking any 
sights, the object glass is thrown out of focus, and the cross-wires 
are brought into the 'most distinct position possible by changing 
the eyepiece. The telescope is then focused on an object; the 
eye is moved slowly in back of the eyepiece, and if there is an 
apparent quivering of the cross-wires on the object, it signifies 
that either the cross-wires are not in the most distinct posiHon 
possible, or that the object glass is not clearly focused, or both, 

LEVELING RODS 

There are two common types of leveling rod, the Setf-reading 
or Speaking Rod, and the Target Rod. 

A self-reading rod is one so graduated that the observer may 
take the reading direct. Where this form of rod is used, the 
observer, or note keeper — if there is one — records the reading, 
and the rodman merely holds the rod in a vertical position. 

A target rod has a sliding target which is moved by the rodman 
as directed by the observer, until it coincides with the line of 
sight. The position of the target is then read by means of a 
vernier scale or a sliding scale. The notes in this case are kept 
by the rodman or note keeper. 

The most commonly used self-reading rod is the Philadelphia 
rod (Fig. 6a). The New York (Fig. 6c) and Boston (Fig. 6b) 




W (c) 

Fig. 6. 
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rods are target rods. The Boston rod is seldom used. The 
Philadelphia rod may be used as either a target or self-reading 
rod. By use of the target, which is provided with a vernier or 
a sliding scale, the smallest reading obtained is a thousandth of 
a foot. 

In case a " long rod " is used the center of the target should be 
set so that the reading on the face of the rod agrees with the first 
reading on the back of the rod. 

A Philadelphia rod may be used as a self-reading rod over its 
entire length, by first unclamping the extension near the bottom, 
sliding it up as far as it will go, and then clamping it. It will 
be noted that the graduations as seen from the instrument will 
be continuous. 

The rod should be held vertical when in use. This is sometimes 
secured by the use of level vials. Ordinarily, the rodman makes 
it vertical in one direction by comparing it with a tree or other 
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object, and the level man, by use of the vertical cross-wire, makes 
it perpendicular in the other direction. 

The Vernier. The vernier is a device for measuring smaller 
divisions of a scale or circle than can be done by estimation. 



1 



THE LEVEL 29 

Fig. 7 illustrates a vernier, and (a) in this figure shows the prm- 
ciple of construction. The smaller divisions on the scale might 
represent those on a level rod, viz., himdredths. In order to 
construct a direct vernier reading to thousandths, nme parts of 
the scale may be taken off and divided into ten equal parts on 
the vernier. Then one division of the vernier equals nine-tenths 
of one on the scale, or ^ of 0.01 = 0.009, and the difference 
between a division on the vernier and one on the scale is 0.001, 
or the distance between the 1 line on the vernier and the first line 
above 4 on the scale is 0.001. 

In order to read the rod, first obtain the feet, tenths and 
hundredths up to the zero on the vernier, and for the thousandths 
look along the vernier until a line on it coincides with a line on 
the scale. The reading of (6) is 0.401 and that of (c) is 0.412 
provided the distance from 4 to 5 is a tenth of a foot. It is to be 
noted that the zero of the vernier always marks the point on the 
scale whose reading is desired. 

USE OF THE LEVEL 

The level is used; (a) to find the difference in elevation between 
points a considerable distance apart; (5) to find the profile of a 
Une; (c) to establish grade lines; {d) to make topographical 
surveys; and (e) to set slope stakes. 

Differential Leveling. Differential leveling consists in finding 
the difference of elevation between two or more points at some 
distance apart. The method of procedure is as follows: Set 
up the level so that a rod reading may be taken on the first point. 
The elevation of this point being known or assumed, the height 
of the instrument (H.I.) may be found. A rod reading may then 
be taken on a forward point, and this reading (fore sight, F.S., 
or minus sight, — S.) subtracted from the height of the instru- 
ment wiU give the elevation of the point. The level may then be 
carried forward and the work continued until the last point \a 
reached. 

It is essential that the instrument be midway between the 
points upon which sights are taken, and the lengths of sight should 
preferably not exceed 350 ft. 
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A bench mark (B.M.) is a fixed point of more or less permanent 
character, the elevation of which is determined and recorded for 
future use. Bench marks should be set at frequent intervals 
and carefully described in the note book. 

A turning point (T.P.) is an intervening point upon which the 
rod is held. The elevation of the turning point is found so that 
the level may be carried forward. The first rod reading that is 
taken after each set-up of the instrument is a back sight or plus 
sight. It is used in determining the height of the instrument. 
A rod reading taken to determine the elevation of a point is called 
a fore sight or a minus sight. It is to be noted that these terms 
do not necessarily refer to the direction of the sight; that is, 




Fig. 8 



there may be several fore sights at a station, some in a forward 
and others in a backward direction. A sketch of the work of 
differential levehng is shown in Fig. 8. The form of notes is 
given in Problem Bl. 

To secure good results in levehng work the following points 
should be observed; first, the bubble should be in the center at 
every important sight; second, length of back sight and fore 
sight should be equal; and third, the rod should be held vertical. 

Profile Leveling. Profile leveling consists in finding the profile 
of a certain Une. Both the elevations above and the distances 
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from the initial point must be foimd. The method of procedure 
is similar to that of differential leveUng, with the exception that 
sights are taken from one set-up of the instrument to several 
points on a given line. The maximum length of sight should not 
exceed 350 or 400 feet. It is, of course, impossible to have sights 
on all intermediate points, the same distance from the instrument. 
Ordinarily in differential leveling a target is set. The tendency 
at the present time in profile leveling is to use a self-reading rod 
with readings on bench marks and turning points to the nearest 
hundredth of a foot and on points on the Une to the nearest tenth 
of a foot. 

The detailed work of profile leveUng is given in Problem B2, and 
the description of the plotting of the profile is given in Problems 
Kl and K2. 

Establishing a Grade Line. After the profile has been obtained 
the grade line may be laid down on it. Among the points in- 
fluencing the location of this grade line are: the maximum and 
minimum grades and the amount of cut and fill. The data 
concerning the grade line are noted, and the actual grade line 
may then be established in the field. 

There are two methods commonly used to establish a grade line 
in the field. First, by determining the height of instrument, and 
then driving stakes so that their tops are at the required elevation. 
This is obtained by calculating the proper rod readings. Second, 
where a uniform grade extends between two points, the level may 
be set up over the first point and the height of the cross-wires 
above this point found. This height or distance may be laid off 
on a level-rod held at the second point, the cros&-wires brought to 
it, and intermediate stakes found by setting their tops so that the 
cross-wires strike the center of the target. This is sometimes 
called '' plimging a grade.'' The method is a rapid one, but great 
care should be taken that the line of sight does not leave the 
original foresight. See Problem B5. 

Topographical Surveying. A topographical sin*vey over a 
small area is sometimes made by splitting up the figure into 
squares or rectangles and obtaining the elevations of their corners. 
A detailed description of this work is given in Problem E3. This 
form of surveying is sometimes called cross sectioning. 
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Slope Stakes. The level may be used in railroad work at 
points where the side slopes intersect the surface of the ground. 
A complete description will be found in various railroad field 
books. 

ADJUSTMENTS OF THE WYE LEVEL 

In the Y level, the telescope rests in the Y's, and can be taken 
from them by loosening and raising the clips. For all practical 
purposes we may consider that the telescope rests on two points, 
one at each end of the telescope, and this line is called the bottom 
line of the Y's. Then by reference to Fig. 9, the principal ele- 
mentary lines of the Y level are: (1) the line of collimation; (2) 



Line of CoUlmatiop 
Bottom Line of Y's 




Fig. 9 



the axis of the bubble; (3) the vertical axis of the instrument; 
and, for the purposes of adjustment, (4) the bottom line of the 
Y's; (5) a line joining the centers of the Y's, called the axis of the 
Y's. The adjustment of the Y level consists of the following: 

I. To bring the axis of the bubble into the same plane as 
the axis of the telescope so that the bubble will remain in the 
center even though the telescope is turned slightly in the Y's. 

II. To make the line of collimation parallel to the axis of 
the bubble, in order that the line of collimation may be hori- 
zontal when the bubble is in the center. 

III. To make the axis of the bubble perpendicular to the 
vertical axis of the instrument, in order that the bubble may 
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g^ remain in the center when the telescope is revolved around 

jj the vertical axis. 

Ij L To bring the Axis of the Bubble into the same Plane as 

the Axis of the Telescope. Level up, loosen the clips, and 
turn the telescope through a small angle of 10** or 15**. If the 
bubble goes to one side, bring it entirely back by use of the 
capstan-headed screws on the side of the bubble tube. These 

1 screws are called the azimuth screws. Fig. 10 illustrates the 

1 adjustment. This adjustment is not of very great importance 

with the later makes of instruments, as the telescope is not free 
to turn in the Y's, being held in place by a pin in one of the 
clips, which fits into a notch cut into one of the rings on the 
telescope. 



-■ • — • \ Tra ce of V ert . Pla pe fliron g h axig o^ bq 



Error 
babbfe 



Fig. 10 

n. To make the Line of Collimation Parallel to the Axis of 
the Bubble. This adjustment is made in two different ways: 
(1) by the indirect method, and (2) by the direct method. 

(1) The indirect method consists firsts of making the line of 
collimation (line 1) parallel to the bottom line of the Y*s (line 4), 
in which case, assuming that the pivot rings which rest in the 
Y's are of equal diameter, in revolving the telescope in the Y's 
it will be the axis of a cylinder; but in case the pivot rings are 
not of the same diameter, due to wear, etc., it will be the axis of a 
cone, and will not be parallel to the bottom line of the Y's, and 
under these circumstances the method fails; and second^ of mak- 
ing the axis of the bubble (line 2) parallel to the bottom Une of 
the Y's. When these two things have been accomplished the 
line of collimation and the axis of the bubble will be parallel, since 
they are both parallel to the bottom line of the Y's. 

To make the line of collimation parallel to the bottom line of 
the Y*8, Set up the instrument and place a nail or mark a 
point on a fence or building at a distance of about 250 or 300 
feet, at the point where the intersection of the cross-wires strikes. 



34 SURVEYING MANUAL 

Unfasten the clips, and having clamped the horizontal motion, 
turn the telescope over in the Y's (not end for end), and find 
whether the intersection of the cross-wires still strikes the point 
or not. Suppose that it does not, and that the intersection with 
respect to the horizontal wire strikes on the point A, Fig. 11, 
and the point B after turning the telescope over in the Y's. 
The correct position of the point of intersection is half-way 
between the two points, and the line of collimation must be 
brought to this point by changing the reticule. It is to be 
remembered that the reticule must be moved in a direction 
opposite to that which appears to be the right one, unless the 
telescope is an inverting one, as in the dumpy level and in some 
transits. In our case the reticule must be moved down (appears 
as if it must be moved up), and this is accomplished by loosening 
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Fig. 11 



the upper capstan screw and tightening the lower one until 
the intersection of the wires strikes the point C half-way between 
A and B. To do this each screw must be turned so that the 
near side moves ta the right, the upper nut being of necessity 
moved first in this case as we wish to lower the reticule. The 
adjustment with respect to the vertical wire is made in a similar 
way, the side screws being the ones considered. Each part must 
be tested until it is known to be correct. The adjustment with 
respect to the horizontal wire is the more important. 

It should be appreciated by the student that unless care is 
exercised in handling the instrument in this and in the following 
adjustments, the errors which appear are due to his own unskilful 
use of the instrument, and are not due entirely to the instnmient'a 
being out of adjustment. 

To make the axis of the bubble parallel .to the bottom line of the 
Y^s. Having brought the telescope exactly over a pair of 
leveling screws, loosen the clips, and clamp the horizontal motion. 
Bring the bubble to the exact center by the use of the leveling 
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screws. Take the telescope out of the Y's, turn it end for end 
and replace it carefully. If the bubble runs to one end, that 
end of the tube is too high, and it must be lowered and the bubble 
brought half-way back. To do this the lower screw on the level 
tube must be loosened (by turning the near side to the left), and 
the upper one tightened. Bring the bubble the rest of the way 
back by the use of the leveling screws. Repeat the operation 
until it is correct. The screws at the top and bottom of the 
bubble tube are called the altititde screws. Fig. 12 shows why 

Axis of Bubble \ (1) First PosKloa 
\ (2) Second " 
U3) Correct a 

\ 

\ 

\ 

\ 

I 

\ 
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Fig. 12 



the apparent error is twice the real error, and no further explana- 
tion is needed. 

As previously stated, the above method of adjusting the line 
of collimation and the axis of the bubble depends upon the pivot 
rings being of the same diameter, in which case the line of colli- 
mation is the axis of a cylinder, and will be parallel to the bottom 
line of the Y's. In case they are not of the same diameter, this 
method fails, and the direct method must be employed. 

(2) The direct method or " peg adjustment,'* This method 
consists in adjusting the bubble directly to the line of sight. 
The indirect method is the one usually used with the Y level, 
but the " peg adjustment " must be used for the dumpy level 
and for the transit. This adjustment will accordingly be given 
with the transit adjustments entitled " To make the axis of the 
telescope'biLbble parallel to the line of collimationJ* 
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nL To make the Axis of the Bubble perpendicular to the 
Vertical Axis of the Instrument The axis of the bubble has 
already been made parallel to the bottom line of the Y's, and 
the bottom line of the Y's must be made perpendicular to the 
vertical axis of the instrument. If this is done we can revolve 
the telescope around horizontally, and the bubble will remain 
in the center. The adjustment is simply one for convenience, 
as it does away with the necessity of releveling at every sight 
taken. The method of adjustment is as follows: Level the 
instrument over both sets of screws, and more carefully over 
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twice real 
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Fig. 13 

the set where the telescope is left, and turn through 180* until 
over the same set of screws. If the bubble runs to one end 
bring it half-way back by the large capstan nuts at the bottom 
of the Y's, and the rest by the leveling screws. Remember 
that to lower one end of the Une of Y's, and the end of the bubble 
at that Y, the upper screw must be loosened and the lower one 
tightened. Fig. 13 shows the position of the different lines, and 
requires no particular explanation. 

ADJUSTMENTS OF THE DUMPY LEVEL 

The main difference between the dumpy level and the Y 
level is that in the dumpy level the telescope cannot be taken 
from the Y's. There are then only the first three hues in the 
Y level. The two adjustments are as follows: 
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A. Making the axis of the bubble perpendicular to the vertical 
axis of the instrument. The principle of this, adjustment is the 
same as II in the Y level, and is illustrated by Fig. 13. One-half 
the error is corrected in this case by raising or lowering one end 
of the level vial. (In the Y level, made by the large Y nuts.) 

B. To make the line of coUimation parallel to the a^ds of the 
bubble. These lines must be compared directly with each other 
by use of 'either one of the peg tests (Figs. 24 and 25), as on 
pages 73 to 76, and the line of coUimation must be moved to be 
parallel with the axis of the bubble. 

Centering the Eyepiece. An instrument may be in good 
adjustment and stiU have the intersection of the cross-wires 
appear out of the center of the field of view. If too far out, this 
will limit the area visible on one side, although it does not affect 
the accuracy of the work. 

Centering the Object-glass Slide. In most makes of instru- 
ment no provision is made for the field adjustment of the object- 
glass slide. In other makes, the slide works through a ring which 
can be adjusted by four capstan screws. 

The effect of the object-glass being out of adjustment is that 
the line of coUimation will be correct for one length of sight, but 
not for others. In adjusting, the ring is moved until the inter- 
section of the cross-wires is at best, when sighting on a far and 
on a near point. 

The set of screws nearer the eyepiece is the one by means of 
which the eyepiece-barrel is centered, and these screws should 
not be disturbed in making other adjustments of the instrument. 

PROBLEM Bl. DIFFERENTIAL LEVELING 

Equipment. Level, level-rod, turning point, hatchet, and 
crayon or keil for marking turning points. 

Problem. To find the difference in elevation of two points. 

Theory. For the principles underlying the work of leveling 
see pages 26-^1. 

Method. Set up and level the instrument so that a rod reading 
may be taken on the first point. It is to be noted that in leveling 
work the instrument need not be set exactly over any point, and 
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consequently the plate should always be made practically level 
before using the foot screws or leveling screws. The following 
points may be noted in this connection: Turn the telescope so 
that the bubble is parallel to one pair of leveling screws, and 
bring the bubble to the center, remembering that both thumbs 
turn out, or both in, and that the bubble wiU go in the direction 
in which the left thumb moves. Turn the telescope through 90** 
and level over the other set of screws. Care should be taken that 
the screws do not bind against the plate, but on the other hand, 
they should be brought snug against it, and not be too loose. 

After taking a reading on the first point, have the rodman 
select a suitable turning point in advance and take a reading on 
it. This completes the work at a set-up and the instrument is 
carried forward, and so on until the last point is reached. If 
absolute elevations are not desired, the first rod reading taken 
at each set-up of the instrument may be placed in one column, 
and the second in another; the columns may be summed, and 
one sum subtracted from the other will give the difference iu 
elevation of the points. A check on the field work may be found 
by completing the circuit, in which case, the difference between 
the sums of the columns should be equal, and if they are not, this 
difference is the error in the circuit. 

If elevations of the points are desired, the notes are kept as 
in the form below. As previously explained, the height of in- 
strument (H.I.) is found by adding the first rod reading to the 
elevation of the first point. The elevation of the turning point 
is found by subtracting the reading taken on it from the H.I. 
The first sight taken at each set-up of the instrument is called a 
plus sight (+ S) or a back sight (B.S.); the reading taken in 
order to determine the elevation of a point is a minus sight 
(— S) or a fore sight (F.S.). It is to be noted that these words 
do not refer to the direction of the sights, but that the first sight 
taken to a point of known elevation is always a plus or a back 
sight, and that several minus sights may be taken from any 
set-up. 

As applied to differential leveling, there are as many back 
sights as fore sights. In profile leveling (Problem B2), a large 
number of intermediate sights (I.S.) are taken. These sights 
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are fore sights, but for purposes of checking are kept in a special 
column. 

In order to secure good results in leveling, the following points 
should be observed; the length of sights should not be more 
than 350 ft.; the length of back and fore sights at a set-up should 
be equal. In using the level, see that the bubble is in the center 
and then set the target, the rod being held plumb. Clamp the 
target, check its position by again looking through the telescope, 
and finally, see that the bubble is in the center. The level man 
checks the reading while passing the rodman, and it is then 
recorded. 
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PROBLEM B2. PROFILE LEVELING. (DRAIN.) 

Equipment Level, self-reading level rod, steel tape, turning 
point, hatchet and keil. 

Problem. To determine the profile for a drain. 

Method. Select a location suitable for a drain. Stake out 
the line with stakes every 50 feet or oftener, in order to get a 
good profile. The method of procedure is practically the same 
as that employed in differential leveling, except that sights, called 
intermediate sights (I.S.) are taken on several stations from one 
set-up of the instrument. 

After taking the profile of the line, complete the circuit to 
the original bench mark (B.M.). As to length of sights, the same 
precautions should be observed as in the previous problem. It 
is advised that intermediate bench marks be left at quarter mile 
intervals, alwa3rs leaving a B.M. near the end of the Une. 

Remark. In the notes given for this problem a target rod was 
used and readings on bench marks and turning points taken to 
thousandths, the object being to give additional practice in using 
the target. Ordinarily, the nearest hundredth on these points 
and tenths on intermediate sights would be sufficient with cor- 
responding elevations. 

Plotting the Profile. The profile may be plotted in connection 
with this problem, or as a special office problem. Complete 
directions for plotting are given in Problem Kl. 
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PROBLEM B3. PROFILE LEVELING. (STREET.) 

Equipment Level, self-reading level rod, steel tape, turning 
point, hatchet and keil. 

Problem. To determine the 'profile of the center line of a street; 
either curb line; or all three. 

Method, Establish the center line of the street, and mark 
points every fifty feet apart. In case of a curb line, mark the 
stations by keil or crayon. 

Starting from a bench mark, either of a given elevation or an 
assumed one, nm a line of levels over the points in an entirely 
similar way to that described in Problem B2. 

Readings should be taken on all points where there are changes 
of grade. Also readings should be taken at the intersection of 
the corresponding lines of cross streets, and the stations of these 
points noted. See Problem K2 for an illustration. 

Notes. The form of notes is similar to that in Problem B2. 

Profile. The profile may be plotted in connection with this 
problem or as a special office problem. Complete directions for 
plotting are given in Problem K2. 

PROBLEM B4. ADJUSTMENTS OF THE WYE LEVEL 

Equipment. Wye level, target rod, steel tape, hatchet, stakes, 
and adjusting pins. 

Theory. In this problem, as in that of the adjustment of the 
transit, it is assumed that the student has either had the theory 
of adjustments in the class room, or has studied them in connec- 
tion with pages 32 to 37. The description in these problems will 
accordingly be abridged. References will be made, however, to 
the p£iges above mentioned. 

Method of Making the Adjustments with Form of Notes. It 
is recommended that in a course given for mechanical and elec- 
trical engineers, the instrument be only tested for adjustments. 
With civil engineering students, it is hoped that the equipment 
will allow of the actual adjustments being made. 

With the former, the condition of the instrument in all par- 
ticulars may be noted, with a statement of the method of making 
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each adjustment if the adjustments are necessary. With the 
civil engineering student, state not only the condition of the 
instnmient, but how each adjustment is made. 

To bring the axis of the hvbhle irUo the same plane as the axis 
of the telescope. See page 33. Turn the telescope in the wyes 
through a small angle and note the movement of the bubble 
in divisions or in fractions of an inch. State how it was or could 
be corrected. Give a sketch similar to Fig. 10 on page 33. 

To make the line of coUimaiion paraUd to the axis of the hubhle. 
See page 33 for the indirect, and page 73 for the direct method. 

For the first part of the indirect method note the amount that 
the line of collimation was out, illustrating by sketch similar to 
Fig. 11 on page 34, and for the second part of the indirect 
method, note the movement of the bubble in divisions of scale 
at each test. 

If the direct method, or " peg adjustment," is used, illustrate 
by suitable sketch giving all rod readings, including the correct 
rod reading for making the adjustment. 

To make the axis of the hubble perpendicular to the vertical axis 
of the instrument. Note in the field book the movement of the 
bubble when the telescope was turned 180** around the vertical 
axis. State how the error was or could be corrected. See 
Fig. 13 of page 36. Give equipment, party, date, etc., on right- 
hand page. Both left- and right-hand pages of the note book 
may be used in this problem. 



PROBLEM B5. LAYING OUT A SIMPLE GRADE 

Equipment. Level, self-reading level-rod, 100-ft. steel tape, 
hatchet, stakes, and keil. 

Problem. To set grade stakes for a curb line, or for rebaUasting 
an old line of raUroad, or for the center line of a new road. 

Theory. If the elevation of grade and ground are known at a 
given station, the difference of elevation can be obtained and 
marked on the grade stake, or, if it be desired to put the top of 
the grade stakes at grade, as in the case of ballasting, this can 
be done if the H.I. is known. 
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Method. This problem will consist of two parts: First, to 
lay out the simple grade, and second, to check the marking of the 
stakes by plunging the grade. 

Simple grade. Run out a line from 200 to 400 feet in length, 
placing stakes 20 to 50 feet apart. Set the instrument up at the 
side of the Une about midway between the end stakes and take a 
rod reading on a B.M. (either actual or assumed). Take rod 
readings on the ground at the base of each stake. Assume the 
elevation of grade at the first station, and a rate of grade. Then 
the grade elevation at any other station may be found. The 
difference between grade and surface elevations wiU give the cut 
or fill at the point. Take a rod reading on the top of each stake 
and find its elevation. Lower the stake until the cut or fiU from 
its top is an even foot or an even foot and tenth of foot. 

Mark the cut or fill for top of the stake. In the notes of this 
problem the fill is given in inches instead of tenths of feet. This 
method is quite conmion, since many contractors do not under- 
stand the meaning of tenths. 

Plunging a grade. Set up over the first stake and place a pair 
of leveling screws in line with the stakes. 

Let a be the height of the cross-wires above grade at this 
station. In the given problem this value is 4.11. 




Place the level rod on the top of the stake where the grade 
changes, and with the target set at a =b 6 bring the cross-wires to 
this reading by changing the leveling screws, where h = the 
difference of elevation between the grade and the top of the 
second stake. In the given problem, the second point is 3" below 
grade and a zkb or the rod reading necessary to locate a grade 
line parallel to the given grade will be 4.11 + 0.25 = 4.36. 
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Take rod readings on the intermediate stakes, and find the 
cuts or fills by applying these readings to the value of 4.11, 
Finally, compare these cuts or fills with those obtained in the first 
part of the problem and note the difference between the two 
methods. 

The student should be able to solve other cases as they may 
arise. 
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PROBLEM B6. VERTICAL CURVE 

Equipment. Level, self-reading level rod, tape, hatchet, 
stakes, and keil. • 

Problem. To connect two grades by a vertical curve. 

Theory. The curve which is most commonly used for con- 
necting two grades is the parabola, and the notation used in the 
case of the simple curve as respects P.C., P.T.^ and PJ. may 
be applied to the vertical curve. 

Assuming the origin of coordinates at the P,C.f the offsets 
from the tangent to the curve vary as the squares of the dis- 
tances from the P.C. 



Fig. 15 
In Fig. 15, the offset a. at the first station equals i^, 

2,71 

where g equals the first grade and g' equals the second grade 
and n equals the length of the vertical curve in stations. The 
offset at the second station equals 4ai, at the third station 9ai, 
etc. Theoretically, the measurements should be made along 
the tangent and at right angles to the tangent, but there is no 
practical error for ordinary grades by making the measurements 
horizontally and vertically. 

The elevation of points on the vertical curve may be com- 
puted in one of the following ways: First, compute the elevations 
of points on the tangent and apply the offsets ai, 4ai, etc., giving 
them the correct sign. Second, find the elevations of the points 
By C, etc., above the horizontal line AC", Third, find the 
elevation of B above A, C above B, etc. The length of the 
vertical curve depends upon the rate of change of grade. In 
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general, vertical curves in sags should be longer than those at 
summits. 

It is preferable to have the intersection of the grades come 
at an even station, but if this is impossible the offsets at equal 
intervals from the P./. may be computed. Where the even 
stationing is used, the offsets at the even stations are found by 
multiplying ai by the squares of the distances in stations from 
the P,C, or P. T. The length of the vertical curve recommended 
by the American Railway Engineering Association depends upon 
the class of traffic, and whether on a sag or on a summit. The 
rate of change per station is from 0.05 to 0.20. On mountain 
roads it may sometimes seem necessary to exceed these values. 

The ** rate of change per station " corresponds to 2 ai, in the 
formula above. Whence, if r = the rate of change per station, 

then r = or n = • The vertical curve should 

n r 

extend an even number of stations, and r may be changed to 

accomplish this. The change of elevation around the curve will 

be ^ — J r; g — li r;g — 2ir; g — Sir; etc. 

Numerical Example. Given grades of + 1.00% extending from 
station 15 with elevation of 112.00 to station 120 and then by a 
+ 0.6% grade to station 125. Assiuning r = 0.10 per station, 
find n and the elevations of points on the vertical curve. 

Ans, P.C. of vertical curve = Sta. 8; P.T. = Sta. 12; ele- 
vations of the stations on the curves starting with that of P.C, 
are 115.00, 115.95, 116.80, 117.55, 118,20. 

Method of Staking-out in the Field. The method of procedure 
is similar to that given in Problem B5. The stakes are placed 
20 to 100 feet apart. The elevations of the grade and ground are 
found with respect to a given datum and the cut or fill marked 
on the center stakes. The elevations of the successive points, 
instead of changing by a constant amount, as in a simple grade, 
change by a variable amoimt, as determined above. 

Form of Notes. The form of notes is similar to that given in 
the first part of Prot>lem B5, Simple Grade. Brief computations 
for determining the elevations of points on the vertical curve 
may be preserved on the right-hand page of the field book. 



CHAPTER IV 

THE COMPASS 

The surveyor's compass consists of a line o( sight attached 
to a borizontat graduated circle, at the center of which is a mag- 
netic needle tree to move on a pivot. Both the compass box 
and sights are supported by a Jacob staff or a tripod. With 
the former, the leveling is accomplished by means of a baJl and 
socket joint, or a leveling base, as in the level. 



Fig. 16. The Vernier Compass 

In some instruments there is a tangent screw and a vernier 
scale for setting off the declination of the needle, and on the edge 
of the vertical sights there is a tangent scale tor reading the 
vertical angles. 

51 
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The E. and W. on the compass box are reversed in position, 
due to the fact that the graduated circle is attached to the line of 
sight, and moves with it, while the needle is stationary. 

Use of the Compass. The compass is used: (1) to determine 
the bearing of a line; (2) to establish a line of a given bearing; 
(3) to measure the angle between two Unes; (4) to retrace old lines. 

The following points may be noted in using a compass; always 
have the north end of the compass box along the hne and read the 
north end of the needle, which is the end without the brass wire. 
Estimate the reading to the nearest five minutes, which usually is 
one-sixth of a one-half degree graduation. 

The bearing of a line is the horizontal angle between the line 
and the meridian through one of its ends. A bearing is measured 
from the north or the south point, and is always less than 90**. 
The forward bearing of a line is found by sighting along the line, 
and the backward bearing is found by sighting back along the line, 
the north end of the compass box being in the direction of sight in 
each case. If there is no local attraction, the numerical value of 
the two readings will be the same; but they will be in diagonally 
opposite quadrants of the compass. For instance, if the forward 
bearing of a line AB is N 40**10' E, the backward bearing of the 
line BA wiU be S 40n0' W. 

To determine the bearing of a liney set up the compass, bring 
the Une of sight to coincide with the given hne, and note the 
reading to the nearest five minutes. 

To establish a line of a given bearing j the method of procedure 
is reversed; that is, the line of sight is turned so that the needle 
will read the given bearing, and the point is then placed in the 
line of sight. 

The angle between two lines is found by taking a bearing on 
each line and comparing them. 

In retracing an old line, set the compass over one point in the 
line and make the line of sight coincide with the line. Read the 
bearing. If it does not agree with the given bearing, the differ- 
ence of the two bearings may be used as a correction to be applied 
to the other lines of the area. 

Declination of the Needle. The declination of the needle is 
the horizontal angle it makes with a true meridian. This angle 
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varies, and its change is called the variation of the declination. 
Isogonic lines are imaginary lines joining points on the earth's 
surface having the same declination at any given time. The 
isogonic line joining points of zero declination is called the 
atonic line. 

Variations of Declination. There are many kinds of variations 
of the magnetic needle, the two principal ones being the secular 
variation and the daily variation. 

The secular variation is of a periodic character and requires 
two or three centuries to complete its cycle. The practical result 
of this variation in declination is that the declinaf;ion at any 
given point changes from year to year. Observations have been 
made by the United States Coast and Geodetic Survey at many 
points in this country, and the results of their observations are 
published from time to time. 

The daily variation in the declination consists of a slight 
swinging of the needle each day. This movement varies from 
ten to twelve minutes a day. It is at a mean position at about 
10.30 A.M. and 8.00 p.m., and is at its extreme easterly and 
westerly positions at about 8.00 a.m. and 1.30 p.m., respectively. 
The amount of this variation is given in Table VII and a further 
explanation of its use in Problem C2. 

ADJUSTMENTS OF THE COMPASS 

The adjustments of the compass may be divided into two parts; 
first, those which are looked after by the maker, and which cannot 
well be made outside the factory; and second, those that may 
be made by the surveyor and which may need attention from 
time to time. 

The makers adjustments should include: (1) making the plate 
perpendicular to the axis of the socket; (2) making the line of 
sight pass through the zero points of graduation. 

The effect of (1) is that the plate may become bent and it 
would then be impossible to keep the plate levels in the center. 
The effect of (2) is that the bearings of lines taken would not 
be correctly referenced. 

The ordinary adjustments are: (1) to make the plane of the 
plate bubbles perpendicular to the vertical axis of the compass; 
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(2) to make the plane of sights normal to the plane of the plate 
bubbles; (3) to make the two ends of the needle read 180° apart; 
(4) to remagnetize the needle. 

Principle of Reversion. The principle of almost all instru- 
mental adjustments is the principle of reversionj whereby the 
error is doubled and made apparent. 

Adjustments. 1. To make the plane of the plate bubbles per- 
pendicular to the vertical axis of the compass. Level the instru- 
ment in one position, tiun 180°, and if the bubbles move from 
the center, correct one-half the movement of each bubble by 
adjusting screws at the end of each bubble-tube. The remainder 
of the movement may be made by releveling. Repeat the test 
until the bubble remains in the center for all positions of the 
plate. If the plane of the plate is not bent, the plane of the 
bubbles will be parallel to the plate. 

For a diagram illustrating this adjustment, see Fig. 13 of 
page 36. 

2. To moke the plane of the sights normal to the plane of the 
plate bubbles. Level the instrument and bring the plane of the 
sights upon a vertical line; such as the edge of a building, or a 
long pliunb line. If this line appears to traverse the slit in the 
farthest sight, then that sight is in adjustment. Reverse the 
instrument and test the other sight. If either sight is out of 
adjustment, one side of the base may be filed ofif, or a thin piece 
of paper may be inserted under the other side. 

3. To make the two ends of the needle read 180° apart. If the 
two ends of the needle do not read 180° apart, it may be due either 
to (a) the needle being bent, or (6) to the pivot being bent, or 
(c) to both causes. 

To straighten the needle^ set its north end at zero and bend the 
south end so that it also reads zero. Repeat the operation until 
the work checks. 

To adjust the pivot. If the pivot is bent, the difference between 
the two end readings is variable for different parts of the circle. 
Find the position of the needle which gives the maximum differ- 
ence of end readings. Bend the pivot at right angles to this 
position by one-half the difference of the end readings. Repeat 
the work until it gives a satisfactory check. 
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4. To remagnetize the needle. Remove the needle from the 
pivot. Take a bar magnet and rub each end of the needle, from 
the center towards the ends, with the end of the magnet which 
attracts in each case. 

Local attraction. The needle is affected by proximity of 
substances composed of iron or steel, such as: wire fences, 
mineral deposits, railroad rails, steel hat bands, etc. In order 
to correct for local attraction, the backward and forward bearings 
of all lines should be taken. If they agree, it shows that no 
local attraction exists. 

PROBLEM CI. COMPASS SURVEY OF A HEXAGON 

Equipment Surveyor's compass, steel tape, two range poles, 
hatchet, set of marking pins, and stakes. 

Problem. To make a survey of a hexagon by use of a compass 
and tape. 

Method. Drive six stakes, forming a hexagon with sides from 
200 to 400 feet in length. Set the compass up over one station 
and make two independent readings of the bearings of lines AB 
and AF. Make these readings by estimating to the nearest five 
minutes. Set up at Station B and take two readings of the 
backward bearing of the line BA and of the forward bearing 
of the line BC. Continue aroimd the figure to the starting 
point. 

' In taking the bearing of a line, the north end of the compass 
box should be sighted along the line, and the north end of the 
needle should be read. 

At convenient times dinring the progress of the work, the chain- 
men should make two measiu'ements of the length of each hne, 
recording the mean in each case. 

Computations. Place the mean of the two compass readings 
of each line in the fourth column of the table given below, and 
compute the angle at each station, using only the bearings of the 
lines as measiu*ed from that station. By use of these angles the 
corrected bearings of the lines are computed, starting with a line 
whose forward and backward bearings agree numerically, or 
nearly so, and working each way. At the junction, the forward 
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and backward bearing of a line should differ by the angular error 
of closure. 

Compute the latitudes and departures of the courses, the error f 

of closure, and the area. For a description of these terms and 
methods of computation, see pages 143 to 146. 

Remark, An actual field may be used for this problem. In 
case the sides of the field are obstructed, a traverse line may be 
run either inside or outside the boundary line, and each comer of 
the field tied in to a compass station by a bearing and a distance. 
The area within the traverse lines may be found as in the problem 
below, and the additional areas added or subtracted as the case 
may be. It is recommended that in such a survey, the form of 
notes include both a tabular form and a sketch. 
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PROBLEM C2. DECLINATION OF THE MAGNETIC 

NEEDLE 

Eqtiipment. Surveyor's compass, or transit, and range pole. 

Theory. The magnetic declination at any point is the hori- 
zontal angle between the magnetic meridian and the true merid- 
ian. The declination is subject £o various changes, the principal 
of which are: the secular variation, and daily variation. Only 
the daily variation is here considered. 

The needle is in its mean daily position at about 10.30 a.m. 
and 8.00 p.m. The range of movement extends from about five 
minutes in winter to nearly twelve minutes in summer. There is 
a slight change with the latitude. The correction to be applied to 
the mean declination is given in Table VII. 

Method. Set up and carefully level the compass over the 
south end of a true north and south line which has been previously 
determined; or over one end of a line whose true bearing is 
known. This line should be located at a distance from any 
source of magnetic disturbance, such as trolley wires, etc. When 
the compass has a declination arc, with the north end of the 
compass box along the meridian, bring the needle to a zero 
reading, by use of the tangent screw of the declination arc. 
Note the reading on the declination arc and the time of observa- 
tion to the nearest minute. When a transit is used, the plates 
are first set at zero, and after the telescope has been brought on 
the true meridian, the lower motion is clamped. The upper 
clamp is then loosened and the plate turned so that there is a 
zero reading of the needle. In either instrument the direction 
of the declination should be noted; for example, when set up over 
the south end of the true meridian, if the needle is west of north, 
then the declination is west; but the magnetic bearing of the true 
north and south line is northeast. Make at least ten independent 
observations, and find the mean reading of the declination arc 
or reading on transit plate, and the mean time corresponding to 
this mean reading. Apply the hourly correction to this mean 
reading as given in Table VII. 
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PROBLEM C3. ADJUSTMENTS OF THE COMPASS 

Equipment. Surveyor's compass and adjusting pin. 

Method. See pages 53 to 55 for a more complete description 
of this work. First, test the adjustment for making the plane of 
the plate bubbles perpendicular to the vertical axis of the instru- 
ment. If the bubbles are out, adjust them. 

Second, test the adjustment for making the plane of the sights 
perpendicular to the planes of the plate bubbles. 

Third, test the readings of the needle and determine whether 
the needle or the pivot is bent. 

Report. Briefly describe the method of making each test, with 
statement of what should be done in case any part of the compass 
is out of adjustment. 



CHAPTER V 

THE TRANSIT 

The engineer's transit consists of an alidade carrying the line 
of sight, and attached to an inner solid spindle which turns in 
an hollow outer spindle. The outer spindle carries the horizontal 
graduated circle (called the limb) and may revolve in the outer 
socket which is attached to the leveling head. The alidade 
includes the telescope, the compass box, needle, vertical circle or 
arc with its vernier, and the vernier to the horizontal circle. The 
alidade may be revolved, while the limb is clamped to the lower 
part of the instrument; it may be clamped to the limb and the 
whole upper part of the instrument revolved in the outer socket. 

Horizontal angles may be measured by clamping the lower 
motion, sighting the telescope at a point, reading the vernier, and 
then imclamping the upper motion, sighting at a second point, 
and again reading the vernier. The difference between the 
readings will give the value of the angle. The construction of 
the transit may be studied from the cross-section in Fig. 18. 

In the common form of transit the limb is graduated to degrees 
and half degrees, and is numbered from 0** to 360° preferably in 
both directions. The numbers are slightly inclined in opposite 
directions. 

The engineer's transit is sometimes called the *^ universal 
surveying instrument," inasmuch as it can be used for the 
measurement of distances (with stadia wires), for leveling (with 
the telescope bubble and vertical circle), and for horizontal 
angles. 

The Telescope. The transit telescope does not differ materi- 
ally from the level telescope. The magnifying power is not as 
great. In the engineer's transit there are two additional horizon- 
tal cross-hairs, called stadia hairs, on the reticule. 
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TiQ. 17. Tbe Engineer'H Trauait 




Fig. 18. Section of the Tmneit 



64 



SURVEYING MANUAL 



The Vernier. The vernier is a device for measuring smaller 
subdivisions on the limb than can be done by estimation. On the 
common form of transit, the limb is graduated to half degrees, 
and a direct vernier can be made by taking 29 divisions of the 
limb and dividing the space into 30 divisions. The value of a 
division on the vernier, therefore, equals § J of a division on the 
limb, or H of 30', or 29'. The difference between a division on 
the limb and one on the vernier is 30' — 29' or 1'. The best 
illustration of the method of reading the vernier is as follows: 
suppose the zero of the vernier coincides with the zero on the 
limb, the reading is zero degrees. Suppose the first line on the 
vernier coincides with the first graduation on the limb, the read- 
ing will be 0** 01'; if it coincides with the second line on the limb, 
the reading will be 0°02', and so on. These readings really 
represent the distance on the limb between the zero on the vernier 
and the zero on the limb. The readings on other parts of the 
scale are found in a similar way. The whole number of d^rees 
and half degrees is obtained before the vernier is examined. 




Fig. 19 



A good rule to observe in angle reading is that of obtaining 
the degrees and half degrees first and estimating the fractional 
part by eye, finally examining the vernier to check this estimate. 

The horizontal verniers on transits are usually of double length 
because there are two sets of numbers on the limb. Fig. 19 illus- 
trates the usual horizontal transit vernier. On account of the 
limited space available, the vertical vernier is sometimes only 
of half length on each side. A description of this vernier, and an 
outline of the method of reading is given on page 66. 
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USE OF THE TRANSIT 

The engineer's transit may be used: to measure horizontal 
angles; to measure vertical angles; for leveUng work; to prolong 
lines; and to run a traverse. Before giving detailed descriptions 
of these operations, the method of setting up the transit^ will 
be given. 

Setting-up the Transit. The transit may be placed over a 
given point by moving the instrument as a whole, by moving the 
tripod legs or by shifting the center. The instrument is moved 
so that it is nearly over the station, bringing the plumb-bob over 
the point by adjusting the legs of the tripod. It may be here 
noted that there are two movements of the legs, one radial, which 
rapidly changes the position of the plumb-bob, but only slightly 
affects the inclination of the horizontal plate; the other, a circu- 
lar motion, which does not affect the bob appreciably, but greatly 
affects the inclination of the plate. It is by a combination of 
these two motions that the bob is brought within one-eighth to 
three-eighths inches from the point, the final position being 
obtained by the shifting center. The center may be shifted by 
loosening any two adjacent leveling screws and moving the in- 
strument on the leveling plate. Before leveling the instrument, 
these screws must be tightened. 

Level the instrument by placing a level vial parallel to a set 
of leveling screws, bringing the bubble to the center by turning 
both screws outward or both inward, remembering that the 
bubble will go in the direction in which the left thumb moves. 
Bring the other bubble to the center in a similar manner. It is to 
be noted that the horizontal plate should be nearly level before 
the screws are touched, and if this is not the case, it shows that 
the set-up is a poor one. This point should be borne in mind in 
setting lip the instrument. On side hill work it is often advisable 
to place two legs of the instrument down hill. 

To Measure a Horizontal Angle. A complete description of 
the work of measuring a horizontal angle, by use of an ordinary 
transit, is given in Problem Dl. A brief outline of the method 
of repetition is there given. For a more extended description 
of the method of repetition and the method of measuring an angle 
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by use of a triangulation transit, reading by micrometer screws to 
seconds, the reader is referred to textbooks on higher surveying. 

To Measure a Vertical Angle. The vertical angle is the angle 
of depression below, or of elevation above, the horizon. The 
horizon is determined by the axis of the long bubble attached to 
the telescope. When this bubble is in the center, and when the 
horizontal plate is level, the reading on the vertical circle should 
be zero. If it is not zero, a correction called an " index error " 
should be applied to all the readings. 

The vertical angle from the transit station to the point of 
observation may be found by bringing the horizontal wire into 
coincidence with the object. The vertical circle is then read, and 
the index error, if any, is applied. If there is a complete vertical 
circle on the transit, the telescope may be reversed and the verti- 
cal angle again read. The average of the two readings will give 
the true value of the angle, the index error being eliminated. 

Vernier on Vertical Circle. On account of lack of space, the 
vernier on the vertical circle is sometimes of half length only, 
on each side. Many of the older transits have this form of 
vernier, but the present tendency is to spread the standards, thus 
securing the necessary space for the full double vernier. This 
short vernier is sometimes of the retrograde form. In such case 
there is one less division on the vernier than there are divisions 
on the scale. Fig. 20 shows a direct vernier. In 1 of that 
figure the zeros coincide, and it can be proved that the vernier 
reads bo minutes. 

The reading of 2 in Fig. 20 is 7** 50'. The zero of the vernier 
is to the left of 7** 30' on the scale, but the additional 20' is ob- 
tained to the right of the zero of the vernier or backward. The 
suggestion previously given, that the reading be guessed, then 
checked by use of the vernier, is decidedly appropriate with this 
form of vernier. 

Use of the Transit as a Level. The engineer's transit instead 
of a level may be used for leveling work. In leveling the instru- 
ment, the plate levels are first brought to the center, and the 
telescope bubble is then brought to the center by the clamp and 
tangent screw. The telescope is then turned 180** in azimuth, 
and if the long bubble runs out, it is brought half-way back by 
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the tangent screw on the telescope and the remainder by the 
leveling screws. This operation is repeated over both pairs of 
leveling screws until the bubble remains in the center upon a 





complete revolution. The long telescope bubble, being more 
sensitive than the plate levels, will show slight changes in ele- 
vation more rapidly. 

For rapid leveling, the plate levels may be brought to the center 
and if the telescope bubble is in the center at each sight taken, 
the results will be correct. 

To Prolong a Line. Where the line is to be prolonged for a 
short distance only, the transit may be set up over the rear 
station, a sight taken at the forward station, and a point placed 
on line beyond the forward station. Where the distance is great, 
the transit is set up at the forward point and a back sight is taken 
on the rear station. The telescope is plunged, and a forward 
point marked. The telescope is then revolved in azimuth, a sight 
is again taken at the first point, and after plunging the telescope, 
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a second forward point is marked. The two points will coincide 
if the instrument is in adjustment, but if not, a mark half-way 
between the two points will be in a straight line. The transit 
may then be carried forward to this new point, and the line pro- 
longed in this way as far as desired. The operation above 
described is called " double centering." 

To Run a Traverse. A traverse consists of a series of con- 
secutive lines whose lengths and directions have been determined. 
The direction may be obtained from bearings, azimuths, de- 
flection angles, or interior angles. 

Traverse by Bearings. A description of the work of traversing 
by use of the compass is given in Problem CI, Compass Survey 
of a Hexagon. 

The traverse lines may be either inside or outside the given 
area in case the main lines are obstructed. In such cases the 
comers of the area should be located by bearings and distances 
from a compass station. 

Azimuth Traverse. The azimuth of a line is the horizontal 
angle which it makes with a north and south line. The south 
point is taken as zero, the azimuth being measured to the right 
through west, north, and east, to 360®. The reference line may 
be the magnetic meridian, the true meridian, or in fact, any 
line. A line has a forward and a backward azimuth. They 
differ by 180**. In 1 of Fig. 21, the forward azimuth of the line 
AB is the angle from the south point clockwise to the line, in 
this case 135^06'. The backward azimuth of the line is the 
direction of BA from the south point, in this case 315** 06'. In 
2 of Fig. 21, the forward azimuth of AB is 210** 14' or more than 
180**. The backward azimuth of BA is 30** 14'. 

From these facts arise two common rules: first, if the forward 
azimuth of a line is less than ISO**, the backward azimuth is found 
by adding 180** to the forward azimuth; and second, where the 
forward azimuth is greater than 180**, the backward azimuth is 
found by subtracting 180** from the forward azimuth. 

The field work of making an azimuth traverse is as follows: 
set up the transit at the first point, and with vernier A at zero, 
turn the telescope until the north end of the needle reads mag- 
netic south. Clamp the lower motion and sight on the second 
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station reading the azimuth and the m&gnetic bearing of the line. 
Sight along the last line of the figure, securing its azimuth and 
bearing. If the distances atre to be obtained by the stadia, 
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the intercepts on the rod and the vertical angles should be 
obtained. (See pages 91 to 94 for the theory of the stadia, and 
Problem E2 for traversing by the stadia.) 

The instrument is then set up at the second station, the back- 
ward azimuth of the line is laid off by the use of vernier A, and by 
use of the lower motion, the telescope is brought to the first 
station. The magnetic bearing is taken as a check. The upper 
motion is then undamped, a sight is taken at the third station, 
and the azimuth and bearing are found. 

By sighting at the first station with the backward bearing of 
the line laid off, the zero of the circle is placed in the meridian, 
or, in other words, when the telescope passes through a 0° or 360** 
reading, it will be on a line parallel to the assumed meridian. 
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Attention is called to the fact that the magnetic needle is not used 
at the second station to orient the horizontal circle, but only as a 
check on the setting of the angle on the vernier. If the telescope 
were turned at the second station, as at the first, using the mag- 
netic bearing, the traverse would be practically a compass tra- 
verse where the bearings were used instead of azimuths. 

Problem D2 gives the field work of conducting an azimuth 
traverse. 

Deflection Angle Traverse. In a deflection traverse, the 
deflection of a line from a previous line is determined. This is 
fotmd as follows: vernier A is set at zero, the telescope is plunged 
and the line of sight is brought to the back station by use of the 
lower motion. The telescope is then brought to its normal 
position, and the upper motion undamped, and the line of sight 
brought to the forward point. The deflection angle to the right 
or left is found by use of the vernier A. It is to be noted that 
when the backward sight is being taken, vernier B is under the 
eye-piece end of the telescope, and when the forward sight is 
taken, vernier A is under the eye-piece end. If the line of colli- 
mation is not in adjustment, the method of deflection angles will 
not give good results. This may be overcome by keeping the 
telescope in its normal position at both sights, and by setting 
vernier A at 180° when taking the backward sight. 

Traverse by Interior Angles. The interior angles may be 
measured in the usual way and the distance obtained either by 
the tape or the stadia. 

ADJUSTMENTS OF THE TRANSIT 

The different parts of the transit should be in a certain relation 
to each other, and it is essential that the instrument be placed 
in good adjustment if satisfactory results are to be secured. 

The elementary lines in the transit are: (1) the axes of the 
plate levels; (2) the vertical axis of the instrument; (3) the 
horizontal axis of the telescope; (4) the line of collimation; and 
(5) the axis of the telescope bubble. The adjustments consist 
of the following: 
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I. To make the axes of the plate levels perpendicular to the 
vertical axis of the instrument. II. To make the line of colli- 
mation revolve in a vertical plane when the telescope is turned 
on its horizontal axis. III. To make the axis of the telescope 
bubble parallel to the line of collimation. IV. To make the 
vernier of the vertical circle read zero when the line of collimation 
is horizontal. 

L To Make the Axes of the Plate Levels Perpendicular to 
the Vertical Axis of the Instrument. This adjustment is the 
same in principle as that in the level, of making the axis of the 
bubble perpendicular to the vertical axis, and is illustrated in 
Fig. 13. Bring both bubbles to the center, revolve 180**, and 
correct one-half the error by the leveling screws and the other 
half by raising or lowering one end of the bubble tube. The 
screws are turned in a direction previously described. Each 
bubble should be adjusted separately by placing it parallel to 
a pair of levehng screws. When this adjustment is made the 
bubble will remain in the center during a complete revolution, 
and the axis of revolution will be vertical. 

n. To Make the Line of Collimation Revolve in a Vertical 
Plane when the Telescope is Turned on its Horizontal Axis. 
This adjustment consists of two parts: (a) To make the line of 
collimation perpendicular to the horizontal axis of the instrument; 
and (b) to make the horizontal axis of the telescope perpendicular 
to the vertical axis of the instrument. 

(a) To make the line of coUimaiion perpendicular to the hori- 
zontal axis of the telescope. When this condition exists, a straight 
line may be obtained by setting up over one point, sighting at 
another, plunging the telescope and lining in a point. The 
method of adjustment is as follows, referring to Fig. 22: Set 
the instrument up on nearly level ground, at a point O, where 
a clear sight may be had of a point A, a few hundred feet away, 
and bring the line of collimation to it. Plunge the telescope, 
and if the line of collimation is not perpendicular to the hori- 
zontal axis of the telescope, it will mark a point B. Revolve 
the telescope by unclamping the upper motion and sight again 
on the point A. Plunge the telescope and the line of collimation 
will now strike the point C. A point D, half-way between B 
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and C, will be in the straight line AO. To adjust the line of 
collimation, the reticule is moved so that the cross-wires intersect 
on a point E, the distance CE being one-quarter of the distance 
CB. It is easily seen by reference to Fig. 22 why the angle COB 
is four times the true error, the angle FOG. 
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(6) To make the horizontal axis of the telescope perpendicular 
to ths vertical axis of the instrument. The adjustment is as follows, 
refaring to Fig. 23: Set the instrument up firmly about twenty 
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feet from a building, and level carefully. Select as high a point 
(represented by P) on the building as possible, and bring the 
intersection of the cross-wires to it. Swing the telescope down 
and set a point A near the base of the building. Plunge the 
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telescope, revolve in azimuth, and again sight at the upper point. 
Depress the telescope and mark another point B. If the hori- 
zontal axis of the telescope is truly horizontal, the points A and 
B will coincide. If not, adjust for one-half the error by raising 
or lowering one end of the horizontal axis. Fig. 23 shows why 
the apparent error AB is twice the real error AC, and needs no 
particular explanation. It is important that the intersection 
of the wires be set on the true position, which is half-way between 
A and B, and that the racing or lowering of the horizontal axis 
be done while pointing at the upper point. In the latter position 
a movement of the axis is easily seen by the changing position 
of the wires. If done with the telescope nearly level, no notice- 
able change is seen, and the correct amount of adjustment is not 
easily gauged. This adjustment is quite commonly called the 
adjustment for height of standards^ and consists in making the 
horizontal axis of the telescope parallel to the horizontal plane 
through the axis of one of the plate levels, the axis of the plate 
level having previously been made perpendicular to the vertical 
axis of the instrument. This adjustment is sometimes made 
by comparing with a long plumbline, the weight of which rests 
in a pail of water. 

in. To Make the Axis of the Telescope Bubble Parallel to 
the Liife of Collimation. When this adjustment is made, the 
instrument may be used as a level. There are two common 
methods of making this adjustment. 



False LlneofCoUimatian 




Fig. 24 



First Method. Fig. 24. Drive two stakes on nearly level 
ground, from 200 to 400 feet apart. Set the instrument up 
near one stake, so that when the rod is placed on it the eye- 
end of the telescope will swing within an inch of its face. Level 
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the instrument and sight through the object-glass end of the 
telescope, and note the rod reading, calling it a. Then take a 
reading on the other stake, being careful that the bubble is in the 
center, and call this reading b. Then supposing that the line 
of collimation is not horizontal when the bubble is in the center, 
but is out by an angle a which makes an error e in the 
distance between the stakes. Then the difference in elevation 
of the two stakes is equal to a — (6 — e). Remove the instru- 
ment to a similar position near the other stake, repeat the observa- 
tions, calling the readings a' and 6', and the difference in elevation 
is now (6' — e) — a'. If the instrument is in adjustment, e 
becomes zero, and (a — b) should equal (6' — a') ; but if it does 
not, equate the two values for the difference in elevation of the 
two stakes, and solving for e, we get e = J { (&' — a') — (a — 6) J . 
Apply this with its correct sign to the last rod reading, bring the 
line of collimation to the center of the target by the use of the 
tangent screw on telescope, and then bring the bubble to the cen- 
ter of the tube by the use of the altitude screws as previously 
described. Repeat the observation until the work checks 
sufficiently well. In the jQgure given the line of collimation was 
inclined upwards. 

Note. The level vial might have been left in the same posi- 
tion, and the correction made by changing the line of collimation 
by shifting the reticule. 
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Second Method. Fig. 25. Drive two stakes, A and B, at a 
distance of 300 to 400 feet apart, and on slightly rising ground. 
Set the instrument up exactly half-way between them. Take 
rod readings on the two stakes, making sure that the bubble 
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is exactly in the center at each sight. If these readings are 
designated by Ri and R2, then (Ri — R4) will be the trv^ differ- 
ence in elevation of the stakes (unless the instrument is otherwise 
very badly out of adjustment), since the two stakes are equi- 
distant from the instrument, and the bubble is in the center for 
each sight. Then take the instrument to a point C back of B 
and in line with A and B, making the distfmce BC some exact 
fraction of AB, say 60 ft. if the distance AB is 250 ft. With two 
leveling screws in the direction of the line AC, and the bubble in 
the center, take rod readings on B and A, which may be repre- 
sented by Bh and Ac. The line Od will represent a horizontal line 
through the point O, and the correct position of the line of coUi- 
mation, and cd will be the error in the distance CA. Draw the 
horizontal line he through h, and then ce is the error in the distance 
AB, which we know, since (Ri — R2) is the true difference in 
elevation of the stakes, which, if the instrument is in adjustment, 
should be the same, no matter where the instrument is set up. 
(Ac — Bh) — (Ri — R4) — the error in the distance AB, or ce 
in this case. As the instrument is now set up at O, what is 
wanted is the error cd in the distance AC. This is obtained from 
the similar triangles hec and Ode, by the proportion 

ce XOd 

cd:ce: :Od:he (- BA), or cd = — ; • 

he 

Apply this correction to the rod reading at the stake A, set the 
target and bring the line of collimation to it and the bubble to 
the center, as described in the first " peg-adjustment." The 
case represented is one where the line of collimation is inclined 
upwards; but when this line is inclined down (Ri — R2) will 
be greater than (Ac — AB), and the correction must be added 
to the rod reading at the point A. 

Note. This second method is preferred by many engineers, 
as it is considered difficult to get the height of the cross-wires 
in the first method by sighting through the object-glass end 
of the telescope. This defect may be overcome by placing the 
instrument back of each stake at a distance of about eight feet 
(shortest distance for which the telescope can be focussed) and 
then taking the rod readings in the usual manner. 
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The first method has the advantage of requiring no measure- 
ment of distances. In the second, several readings should be 
taken on each stake, and the mean taken to counteract errors of 
setting the target. If permanent and unyielding monuments 
are set at the points A and B, and their difference of elevation 
accurately obtained, then to make the adjustment only the one 
set up at the point C is necessary. 

IV. To Make the Vernier of the Vertical Circle read Zero 
when the Line of CoUimation is HorizontaL Having made the 
axis of the telescope-bubble parallel to the hne of collimation, 
bring the bubble to the center, and if the vernier of the vertical 
circle is adjustable, bring it so that its zero coincides with that 
on the limb. If the vernier is not adjustable, note the amount 
and sign of the angular error, which is called the ^' index-error," 
and apply it to all vertical angles. 

PROBLEM Dl. MEASUREMENT OF THE ANGLES OF 

A QUADRILATERAL 

Equipment. Transit, two range poles, hatchet, stakes and 
tacks. 

Problem. To measure the angles of a quadriUUeral. 

Method. Drive four stakes forming a quadrilateral with sides 
approximately equal, and between 200 and 400 feet in length. 
Set up over each stake in turn, measuring each interior angle of 
the figure from two to six times as assigned by the instructor. 
The method of making an observation at a station is as follows: 

Set vernier A at zero (or near zero) and read vernier B. With 
the upper motion clamped, sight over the telescope at the left- 
hand point. Clamp lower motion, then look through the tele- 
scope and bring the line of collimation to the tack in the stake by 
use of the lower slow motion, or tangent screw, Unclamp upper 
motion, turn the telescope, and bring the line of collimation to 
the tack in the second stake. Read both verniers and record 
them. Unclamp the lower motion and again sight at the first 
stake, using the lower clamp and tangent screw. Again unclamp 
the upper motion and proceed as before, finally reading both 
verniers. 
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Proceed in a similar way for as many measurements as may be 
desired. The observations at the other stations are conducted 
in like manner. 

Computations. Find the mean of the vernier readings on each 
horizontal line, taking the mean of the minutes only, with the 
degrees on vernier A. Then the differences between the succes- 
sive mean readings will give several values of the angles. 
These values should not differ by more than one minute of arc. 
Find the mean of these differences, which gives the probable 
value of the angle. Sum the angles and state the error. 

Remark. This problem may be modified to suit the skill of the 
observer, either by increasing the number of the measurements, 
or by increasing the number of sides in the figure. 

Method of Repetition. In precise surveying, the '' method of 
repetition " is used, in order to eliminate the errors of adjustment 
and of observation. The essentials of this method are: first, 
measuring the angles from left to right with telescope direct, and 
then from right to left with telescope inverted; second, the 
verniers are not read until after the last repetition of the angle. 
The value of the angle is then foimd by subtracting the mean of 
the vernier readings on the first sight from the mean vernier 
readings on the last repetition, and dividing by the number of 
repetitions. Sometimes the readings at the end of the first 
repetition are made to give an approximate value of the angle, 
in order to tell the number of repetitions that should be made. 
The repetitions should not be more than eight in number, and 
it is considered best, on account of the errors in graduation, not 
to pass around the circle the second time. 



78 



SURVEYING MANUAL 




Mea^uremcnt of 

OF A QuAOriLATizRAL 



AB(3, 






BC(e) 



/3e^oi 



/3C*^4 



\/kr,B. 



33^S^ 
CD(2) W^^^ 
CD(3}fi73^3i 

DA /C^St 

DA(s}30€ror 



OA 









Mean 

ix*co'36 
3s^ea' 



Diff. 



mVs'^jo 



-<5y' 



er3''SB' 

/o3^sr 

— or* 3oC<yf 



'/^y 



^TS 



•Jo'i 



An^le 



3TV^' 

37U7' ^r>*W 



3Z^^7' 






fOi''0&Ot 



THE TRANSIT 79 

PROBLEM D2. TRAVERSING WITH THE TRANSIT 

Equipment. Transit, two range poles, 100-ft. steel tape, set 
of marking pins, hatchet, stakes, and tacks. 

Problem. To traverse a closed area or a field. 

Method. The solution here given will be by the use of azimuth. 
For other methods, see pages 68 to 70. 

Drive six stakes, forming a hexagon with sides at least 250 ft. 
in length. Set the transit up over one station, and with vernier 
A at zero, place the line of sight on the magnetic south. Clamp 
the lower motion. Loosen the upper plate and sight on station 2, 
reading the azimuth on vernier A and taking a needle reading; 
also sight at station 6, obtaining the azimuth of the line 1-6 and 
its bearing. Then set up at station 2. !Lay off the backward 
azimuth of the line 1-2 by use of vernier A, sight at station 1, 
and clamp the lower motion. Unclamp the upper motion and 
read the azimuth of the line 2-3 and note its bearing. Proceed 
in a similar manner at stations 3, 4, 5 and 6. Measure the sides 
of the figure. 

The backward azimuth of a line is equal to the forward azimuth 
db ISO**. The set of niunbers on the transit should be used which 
increases from 0** to 360** in a clockwise direction, and care should 
be taken in laying off the backward azimuth that when the tele- 
scope is turned clockwise the plate reading will increase. See 
Fig. 21 for illustration of forward and backward azimuth. 

Modification. The above problem may be modified by using 
the comers of a field whose sides can be measured directly. 

Remark, Instead of using azimuths, interior .angles or de- 
flection angles may be used. 

Computations and Form of Notes. From the measured azi- 
muths, calculate the bearings. Find the latitudes and departures 
of the different courses, and the error of closure. For definition 
of these terms and for the methods of computation, see pages 
143 to 146. 
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PROBLEM D3. SURVEY OF A CITY BLOCK 

Equipment. Transit (reading to 20" if possible), two range 
poles, steel tape^ set of marking pins, plumb-bobs, hatchet. 
Intakes, nails, and tacks. 

Method. Monuments in many cities are located outside of the 
street comers. They are often in line in one direction, and a 
certain number of feet from the other line* In the figure, the 
monument at D" is on the line AD prolonged and is two feet in a 
perpendicular direction from the line DC. It is necessary to set 
monuments in this way because fence posts or buildings may be at 
the comers, or buildings and improvements may extend to the 
comers. 
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Two cases may arise in the survey of a city block. First, when 
the lengths and directions of the property Unes may be obtained 
by direct measurement, and second, when the lengths and direc- 
tions must be obtained by use of offset lines. 

In the first case, set up the transit over one comer monument. 
Measure the angle between adjacent monuments. The angle 
should at least be doubled, and may be measured by the method 
described in Problem Dl. The distances between monmnents 
should be measured at least twice. The angles at the other 
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stations may be obtained in a way similar to that at the first. 
The magnetic bearing of one line in the figure may be taken as a 
reference line. Simi the measured angles, and if the error is 
within limits, compute the bearings of the sides, and find the area 
as described under " computations " below. 

In the second case, suppose ABCD is a city block with the 
monuments A", B", C", D" on line in one direction, and two feet 
in the street in the other direction. The length of the property 
line AB may be found by measuring the distance between the 
monuments A'' And B", and similarly for the line DC. The 
length of the line AD, which cannot be directly measured, may be 
found by first setting a stake at A'", 8 ft. from A", and at about 
right angles to the line AD; also a similar stake at D'". Then 
set up at A'", sight at D'", turn 90** and, if the line of coUimation 
does not strike the point A", shift the center of the transit along 
the line of A'"D'" until it coincides. Proceed similarly at D'", 
and then measure the length of the line between the two transit 
stations. This line is equal to the line A"D", and the length of 
AD may be found by subtracting the sum of AA" and DD". To 
obtain the interior angle A, a string intersection of the lines 
A'"D"' and A"B" is found. Set up at this intersection, and 
measure the interior angle which is equal to the angle A. Angles 
at the other comers may be found in a similar manner. 

Remark, The method above given is general, and the student 
should be able to solve any problem that may arise. 

Computations and Plotting. A description of the methods of 
computing the area of a block is given in Problem J2, and the 
work of plotting, in Problem K3. 

Notes. Notes may best be a combination of tabular form and 
sketch. The accompanying two-page illustration may be fol* 
lowed as a guide. Usually, in the larger surveys, the notes 
extend from the bottom of the page upward, but in this problem 
it seems unnecessary. In a convenient place on the right-hand 
page, the party, date, and equipment may be given. 
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PROBLEM D4. STAKING OUT A BUILDING 

Equipment. Engineer's transit, steel tape (reading to hun- 
dredths), two range poles, hatchet, stakes, tacks, lumber, nails, 
hammer, sledge, crowbar; also, plot of lot showing location and 
dimensions of the building. 

Problem. To establish the comers of a huUdingj having given 
its dimensions and its location with respect io property lines. 

Method. The comers of a building may be located either by 
stakes, or by the intersection of lines perpendicular to each other. 
If actual stakes are placed at the comers, they will disappear 
during excavation, and the comers will have to be relocated. 
For this reason, the usual method is to lay out a square or rec- 
tangle a certain distance outside the points of excavation. Points 
on the sides of this outer figure are located so that the intersection 
of lines joining similar points will intersect at the comers. 
Referring to the figure, the method of procedure is as follows: 
Set a stake at point A, a certain distance from two sides of the 
building. Place a stake at point B where the line AB is parallel 
to the given side of the building. With the transit at B, turn a 
right angle and locate the point C at a suitable distance. Turn a 
right angle at the point A and locate the point D, making AD 
equal BC. Compare the distance DC with AB as a check. 
While at the point A, set points on the lines AD and AB. Then 
set up at C, and locate the points on the line CB and CD. Up- 
rights are driven, as shown in the sketch, about two feet from the 
sides of the building. " Batter " boards are nailed to the up- 
rights, with their tops at a certain definite elevation. The proper 
elevation is obtained by using the transit as a level, sighting at 
a given bench mark, and securing predetermined rod readings. 
Finally, the transit is set up at the points along AB, AD, BC 
and CD and sights taken to opposite points, nails being driven 
into the tops of the batter boards to mark each point. i 

After all nails are driven, an approximate check on the work 
may be found by measuring from nail to nail. These measure- 
ments should nearly equal the corresponding dimensions on the 
building. Inasmuch as the batter boards may not be set exactly 
parallel to the sides of the building, these dimensions may not 
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check, but itf no case should they be less than the corresponding 
dimensions of the building. 

Modifications. This problem may be modified by the in- 
structor if desired, by changing the dimensions of the building or 
its location with respect to property lines. The angle between 
the property lines may also differ from 90% in which case one side 
of the building may be located parallel to one property line, and 
one comer at a certain distance from the other property line. 
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PROBLEM D5. ADJUSTMENT OF THE ENGINEER'S 

TRANSIT 

Equipment Engineer's transit, steel tape, level rod, hatchet, 
stakes, and adjusting pins. 

Theory. See pages 70 to 76. 

Method of Maldng Adjustments with Form of Notes. Use 
both pages of the field book, giving data with regard to party, 
equipment, etc., in the upper part of the right-hand page. 

I. To make the axes of the plate levels perpendicular to the vertical 
axis of the instrument. Bring both bubbles to the center, revolve 
180®, and correct one-half the error in each bubble by raising or 
lowering one end of the tube, using the capstan screw at the end 
of the vial. The bubble is brought back the remainder of the 
way by the leveling screws. The work is repeated^ until the 
adjustment is correct. Each bubble should be adjusted sepa- 
rately, by placing it parallel to a pair of leveling screws. 

II. To make (he line of coUimation revolve in a vertical plane 
when the telescope is turned on its horizontal axis. This adjust- 
ment consists of two parts. 

(a) To make the line of coUimation perpendicular to the hori- 
zontal axis of the telescope. See Fig. 22, page 72. Set up the in- 
strument on nearly level groimd at a point O, where a clear sight 
may be had of point A a few hundred feet away. A church spire, 
weather vane, or similar object is suitable. Bring the line of 
collimation to the point, plunge the telescope, and if the line of 
collimation is not in adjustment, it will mark a point B. Un- 
clamp the upper motion, and turn the telescope in azimuth until 
. it again strikes the point A. Plunge the telescope and the line 
of collimation will now strike the line C. Locate the point E at 
one-quarter of the distance CB from C, and bring the line of colli- 
mation to E by changing the reticule. 

Give a sketch similar to Fig. 22, and give the approximate dis- 
tances OA, OD, and BC for the different trials. State how the 
adjustment was made. 

(&) To make the horizontal axis of the telescope perpendicular 
to the vertical ajcis of the instrument. Set up the instrument about 
20 ft. from a building so that the comer lines may be sharply 
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defined. Level carefully. Select as high a point as possible on 
the building, and bring the intersection of the cross-wires to it. 
Depress the telescope, and set a point near the base of the build- 
ing. Plunge the telescope, turn in azimuth, and again sight at 
the upper point. Depress the telescope and mark a second point 
B. Correct one-half the error py raising or lowering one end of 
the horizontal axis. It is to be noted, that the actual adjttstment 
is made while sighting at the higher paint. Therefore, one-half the 
distance is laid off at the base of the building, the line of colli- 
mation brought to it by a tangent screw, and the adjustment 
made after the telescope has been raised to the higher point. 

In the field book give a sketch similar to Fig. 23, page 72, 
with the approximate height of P above the lower point, and the 
approximate distance from the transit to the building. Give the 
errors in the different trials, and state how the adjustment was 
made. 

III. To make the axis of the telescope bubble parallel to the line 
of coUimation. Use either the first or second " peg test " as on 
pages 73 to 76. 

In the field book give a sketch similar to Figs. 24 or 25, with 
all rod readings and distances. Give the corrected rod reading 
for making the adjustment. Outline the method of adjustment, 
with check on the work. 

IV. To make the vernier of the vertical circle read zero when 
the line of coUimaMon is horizontal. Bring the telescope bubble 
to the center, and note the reading of the vertical circle. If it 
is not zero, move the zero on the vernier so that it will coincide 
with that on the limb. If the vernier is not adjustable, note the 
amount and sign of the angular error, which is the ^^ index '' 
error. 



CHAPTER VI 
TOPOGRAPHICAL SURVEYING 

A topographical survey is one which gives both the position of 
points and the character of the surface of the ground, with 
respect to relative heights; also the kind of vegetation. There 
are three methods of making such a survey. 

Firstf by dividing the area into squares or rectangles, by use 
of the transit and tape, and obtaining the elevations of all corners 
by use of the level. This method is used over small areas where 
accurate results are desired. Problem E3 describes this method. 

Second, by use of the plane table. Where the survey is made 
with a plane table, stadia rods may be used and the work is then 
similar to that in the third method, except in the fact that the 
reductions and maps are made in the field. For a complete 
description of the plane table, see pages 101 to 105. 

Third, with an engineer's transit and stadia rods. This method 
is used for large areas where extreme accuracy is not required. 
It is the most rapid method of all. In this method a point is 
located both horizontally and vertically. A point is located 
horizontally by obtaining its direction from the meridian passing 
through the transit station, and its distance from the station by 
a reading on the stadia rod held at the point. The difference in 
elevation between the point and the transit station is found by 
reading the vertical angle when the telescope is sighted at the 
point. The line of collimation should be as far from the ground 
at the point sighted at as the horizontal axis is above the 
instrument stake. A right triangle may be solved, and the 
difference in elevation found. For description of this method see 
Problem M3. 

THE STADIA 

Stadia Wires. In a transit used for stadia work there are two 
additional horizontal hairs called stadia hairs. These hairs are 
placed equidistant from the horizontal hair. Ordinarily they are 
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placed on the same reticule as the regular cross-hairs, in which 
case they are called fixed-hairs. They are sometimes free from 
the main reticule and are adjustable. The fixed hairs are con- 
sidered the better. 

Principle of the Stadia. From a certain point in front of the 
object glass, the space intercepted on a rod varies proportionally 
with the distance from this point to the rod. The position of this 
point depends upon the particular telescope. The problems in 
stadia work are: first, to find, when the telescope is horizontal, 
the constant which should be multiplied by the space intercept of 
the stadia hairs, to give the distance from the point in front of the 
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objective to the rod; second, to find the horizontal distance when 
the telescope is inclined; third, to find the difference in elevation 
of points. 

Firstj to find the stadia constant. In Fig. 27, the points m and 
n represent the position of the stadia hairs. Rays of light pass 
from the points g and h through q to the object glass, and finally 
parallel to the axis of the telescope through the points m and n. 

From the similar triangles formed, s : 6 : : i : /, from which 

h = -s, 

and 
D = the distance from the center of the instrument to the rod 

= {s-h(/ + c) =A» + (/ + c). 
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The determination of - or A; is explained in Problem El. 

t 

Briefly this work consists in laying off a distance (f -\- c) from the 
center of the instrument and setting a point, and from this point 
laying off a base line, noting the space intercept on the rod and 
the distance of the rod from this point q. The stadia constant is 
taken as the average of each distance divided by its space inter- 
cept. It is to be noted that the work should be done on a nearly 
level stretch of ground, and that the telescope bubble should be 
practically in the center at all sights; that is, the upper or lower 
cross-wire should not be moved over more than the smallest 
graduation of the rod. 

The value of /, which is the focal length of the lens, is found 
by sighting on a point an infinite distance away, and measuring 
the distance from the plane of the cross-hairs, to the center of the 
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object glass. The distance c is found by sighting at a point about 
200 ft. away, and measuring the distance from the center of the 
instrument to the center of the object glass. 

Secondf to find (he horizontal distance when the telescope is 
inclined. If the rod were held perpendicular to the line of sight, 
a portion of it would be in the position A'B' in Fig. 28. It is not 
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practical to do this, as there is no easy method of securing the 
proper angle of inclination; therefore, the rod is held vertical, and 
the correction is made to bring it to the position A'B'. The 
inclined distance EC may be obtained, and finally the horizontal 
distance EO. 

Let A'B' = «' and AB = s. 
Then A'B' = AB cos a = « cos a. 

In the first case, the distance 

EC = A;«' + (/ + c) = Ajscosa + (/ + c). 

But EO = H — EC cos a, and substituting the value of EC 
from the above equation we get H = fcs cos? a + (/ + c) cos a. 

Thirdj to find the difference in devotion oj points. CO = 
V = EC sin a = fc« sin a cos a + (/ + c) sin o «= i fcs sin 2 a -f- 
(/+ c) sin a. 

Reductions. Table VIII is used in finding horizontal distances 
and differences in elevation. 

In the column " Hor. Dist." is found the value of ka cos* a 
where k = 100, 8 = 1 and a = the particular vertical angle. 
With any other value of k and s the product is found by use of an 
ordinary slide rule, or a stadia slide rule. The quantity (/ + c) 
cos a is found at the foot of the page under " Hor. Dist.," for 
three values of (f -\- c). For any other value of (/ + c) inter- 
polation should be made. 

Similarly, in finding the difference in elevation, the quantity 
under " Diff. Elev." gives i fc« sin 2 a for different values of a, 
where k = 100 and « = 1. With any other values of k and s, 
the product is found by use of a slide rule. 

Stadia Rods. Stadia rods are usually about four to six inches 
wide, one inch thick, and ten to fourteen feet long. Rods are 
sometimes strengthened by cleats on the back, with or without 
oblong holes for use as handles. The top and bottom of the rod 
should be protected by metal shoes. 

The symbols on a rod are usually in black, on a white back- 
ground. The test for a good rod will come in sighting from the 
open into a dark area such as in heavy brush, or in forest work. 
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PROBLEM El. DETERMINATION OF STADIA 

CONSTANTS 

Equipment Engineer's transit, two stadia rods, steel tape, 
set of marking pins, stakes, hatchet, and engineer's scale. 

/ 
Problem. To determine the canstanta /, c, and z for a given 

instrument. 

Theory. From a point (/ + c) from the center of the instru- 
ment) the space intercepted on a rod by the stadia wires varies 
directly with the distance from this point. 

Method. Select a practically level stretch of ground and set 
up the transit over a stake or pin. By use of an engineer's scale 
measure /, which is the distance from the cross-wires to the 
center of the object glass, when it is focussed on an object at an 
infinite distance; also measure c, which is the distance from the 
center of the instrument to the object glass when focussed on a 
point about 200 to 300 ft. away. Lay off the distance (/ + c) 
from the center of the instrument, placing a pin at the point. 
With this pin as a starting point, a base line from 400 to 1000 ft. 
in length is laid off, and the stations marked by pins. Then, with 
the telescope level or not depressed more than to make the upper 
or lower wire come to a tenth graduation, the rod is placed at 
different points along the base line, and the space intercept at each 
point found and recorded. The rod is placed at even foot marks 
at points about 60 ft. apart, the first reading being taken not less 
than 50 ft. from the instrument. The distance from the pre- 
ceding pin is measured in each case. After all readings are taken, 
the chain men and the instrument man exchange notes. 

/ 
Calculate the value of -; for each distance. Give the mean 

t 

value of -• 
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PROBLEM E2. TRAVERSING WITH THE STADIA 

Equipment. Engineer's transit, two stadia rods, hatchet, 
stakes and tacks. 

Problem. To traverse either a closed area or a field with the 
transit and stadia. 

Method. The method of procedure is the same as that given 
in Problem D2, except that the distances are obtained by the 
stadia, instead of by tape or chain. 

At the first station, place the line of sight on magnetic south, 
as in Problem D2. Unclamp the upper motion, and turn to 
station 2, reading the azimuth, bearing, rod reading, and vertical 
angle. Take the same information on the last station. In 
obtaining the rod reading, the upper or lower wire is placed on an' 
even foot mark on the rod, and the space between the two wires 
is noted. Attention is called to the fact that the wire may be 
moved over some vertical distance, regardless of the position of 
the bubble. 

In finding the vertical angle, however, the height of the cross- 
wires above the ground is found, and the middle wire is sighted 
at this height when sighting at the adjacent stations. 

The method of procedure at the second station is as follows: 
Lay off the backward azimuth on the plate, and sight at the first 
station, using the lower motion. The rod reading, vertical angle 
* and bearing are taken; the upper motion is then undamped and 
the information on the forward station is obtained. 
^ The backward and forward rod readings should check within 
0.02 of a foot at the most, and the vertical angles should check 
within two minutes. If either or both do not check within this 
limit, investigate as follows: See that the transit is level; that 
the height of the cross-wires was measured correctly; that a sight 
was taken at a proper height on the rod; and finally, re-measure 
the rod readings and the vertical angle. If these measurements 
agree with those first taken at this station, an asterisk or check 
mark should be placed near them in the notes, and the forward 
readings should be rejected in computation. 

It is here assumed that there is no index error on the vertical 
circle. If there be an index error, the backward and forward 
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angles ahoidd not checkj and the mean of the two would give the 
correct value of the vertical angle. 

Modification, As in Problem D2 the number of sides in the 
figure may be changed. 

Computations. Reduce the measurements to the horizontal 
and find the differences of elevation of the various stations by the 
formulas for inclined sights as given on pages 93 and 94. Use 
the mean readings of the vertical angles and rod readings in the 
formulas. Carry the horizontal distances to the nearest tenth of 
a foot, and the differences in elevation to the nearest hundredth 
of a foot. Sum the elevations, and state the error in elevation. 
On the right-hand page state the error in azimuth. If desired, 
the error of closure may be found as in Problem D2. 
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PROBLEM E3. TOPOGRAPHICAL SURVEY OF A 
SMALL AREA BY TRANSIT, LEVEL, AND TAPE 

Equipment. Transit, level (unless transit has tdesoope 
bubble), self-reading rod, steel tape, set of marking pins, hatchet 
and stakes. 

Theory. The most accurate method of making a topographical 
survey is to divide the given area into squares or rectangles, and 
find the elevations of the comers of these figures above a given 
or an assumed datiun plane. This is a convenient method for 
making the survey of the sight for a dam or a reservoir, a viaduct 
or a borrow pit. Elevations of the comers may be taken before 
and after the construction is completed, and the amount of earth- 
work computed. See Problem J3 for method of computation, 
and Problem K3 for directions on plotting such a survey. 

Survey and Form of Notes. Divide the area into squares or 
rectangles, starting with any convenient base line. (One bound- 
ary line of the area may be taken.) Find the elevations of the 
comers above an assumed datum plane. 

The level notes may be kept in the regular profile leveling 
form. (See Problem B2.) A sketch is given on the right-hand 
page showing the arrangement of the squares or rectangles. 
For convenience the stations along the base line may be called 
A, B, C, D, etc., and those along the perpendiculars 0, 1, 2, 3, etc. 
Any point is given by its coordinates as B2, C3, etc. 

The degree of accuracy of the work will depend upon: First, 
the size of the squares, and the care with which they are laid 
out; second, the accuracy of the leveling work. If the area is 
small the ground may be covered from one set-up. Where the 
given bench mark is at some given distance from the area, or 
where the gcound slope is steep, a return line of levels should be 
made to i;he original bench mark, in order to give confidence in 
the work. 



CHAPTER VII 

THE PLANE TABLE AMD THE SEXTAHT 

THE PLANE TABLE 

The plane table consists of a drawing board, a tripod with a 
suitable leveling device, and an alidade. The alidade contains 
a teleecope attached to a ruler. In addition there ia a plumbing 
arm for finding a point on the paper immediately over a point on 
the ground; and there may he a separate hojt carrying two levd 
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Fig. 29. The Plane Table 



vials and a magnetic needle. In some forms a circular level vial 
and a narrow rectangular compass bo:t are attached to the top of 
the rule. 
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The table may be leveled by a ball and socket arrangement, or 
it may have a set of leveling screws similar to those in the transit. 
The former is the more common, due to the light weight. 

Principle of the Plane Table. With the plane table, angles 
and distances are plotted directly in the field. Few, if any, notes 
are taken. 

Use of the Plane Table. The plane table is used principally 
for filling in the details of a survey. A survey by a plane table 
IB generally made by use of one of three methods: radiation, 
intersection, or traversing. In addition to these methods, two 
special problems may arise, namely; the three-point and the iwO' 
point problems. 

The method of radiation consists in locating a point by a dis- 
tance from a given station, and by a direction from a given line. 



(1) 
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Fig. 30 
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The distance may be obtained by the tape or by the stadia. 
See (1) of Fig. 30. 

The method of intersection is the location of a point by knowing 
the direction of the point from the two ends of a given base-line. 
(2 of Fig. 30.) The points a, b, and c, on the paper represent 
A, B, C, on the ground. The table is oriented so that when the 
line ab coincides with AB on the ground, the point a will be over 
A. A sight is then taken, and a line drawn in the direction of C. 
The table is then taken to B, and after laying down the line ab 
to the given scale, the table is placed so that 5a on the paper will 
coincide with BA on the ground, with h on the paper exactly over 
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B. A sight is then taken on C, and a line drawn toward it. The 
intersection of this line with the line drawn from point A will give 
Cj which corresponds with C on the ground. Many points may 
be sighted at each station. 

The method of traver^ng is simi- 
lar to that pursued in traversing 
with a transit, except that the 
courses are plotted directly. Fig. 
31 represents this method. No 
particular explanation is needed. 

The Three-point Problem. If 
three stations are plotted on paper, 
the position of any station (within 
the hmits of the drawing board) 
may be found as follows: Place a 
piece of tracing paper on the table; 
assimie any convenient point on this paper, and draw lines 
from the point towards the three stations already located. 
Shift the tracing paper until the three lines traverse their 
plotted points. The position of the intersection of the three 
lines then determines the position of the instrument with respect 








Fig. 31 





Fig. 32 



to the three given points. Fig. 32 illustrates this method, (1) 
showing the tracing paper, and (2) the final position of the paper 
on the table. 
There are many different solutions for the three-point problem. 
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The one given above is the usual solution. For discussions of 
other solutions see more extended works on surveying. 

The Two-point Problem. Only two points on the paper are 
given in this problem. The plane table is to be set up at any 
other and this point is to be located on the paper, and after being 
located, any desired objects may be found. A piece of tracing 
paper may be used in solving the problem, or the lines may be 
drawn on the regular paper and treated as construction lines. 

Having selected the point on the ground, whose location on 
the paper is desired, plot its position as nearly as possible on 
the paper. Select a fourth point, and with these two points as a 
base-line, locate the points a' and &' by the method of intersection. 





Fig. 33 



The points a' and 6' should, if the paper is properly oriented, and 
if the scale assumed is correct, coincide with the given points 
a and b. If they do not, the paper must be turned so that the 
line a'6' coincides with ab, with a' coinciding with a. The point 
b' must be brought to the point 6, and a new figure (abdc) con- 
structed so that it is similar to aVd'c\ The point c on the paper 
will then give the proper location of C with respect to A and B. 
Fig. 33 illustrates this method, (1) being the first position, and 
(2) its final position. 



THE PLANE TABLE AND THE SEXTANT 105 

Adjustments. The adjustments of the plane table are: (1) 
to make the axes of the plate levels parallel to the plane of the 
board; (2) to make the line of coUimation describe a vertical 
plane; (3) to make the axis of the telescope bubble parallel to 
the line of collimation. 

To make the axes oj the plate levels parallel to the plane of the 
board. This adjustment is similar to the first adjustment in 
the transit, except that a straight line is drawn and the edge of 
the alidade is turned end for end on this line. 

To make the line of coUimation revolve in a vertical plane. This 
adjustment consists of two parts as in the transit. In the first 
part, however, as the telescope is not supposed to be plunged, it 
is only necessary to make the vertical wire traverse a vertical 
line, such as a long plumb-bob cord or the edge of a building. 
The correction is made by turning the reticule laterally. The 
second part of the adjustment is made exactly as in the transit. 

To make the axis of the telescope bvbble parallel to the line of 
coUimation. Either " peg test " may be used, as described on 
pages 73 to 76. 

An outline of the field work of adjusting the plane table is 
given in Problem F2. 

THE SEXTANT 

Description. The sextant is a hand instrument used for 
measuring angles both horizontal and vertical. It is called a 
sextant because its limb extends over a 60^ arc of a circle. Fig. 34. 

In the usual construction, however, it is longer than this, and 
will measure angles up to about 140^ It is especially adapted 
for angles where the position of the observer to a very fine point 
is imimportant. The sextant is used in measming angles from a 
boat, in locating soundings, buo3rs, etc.; in reconnaissance work, 
explorations, and for astronomical observations on land or sea. 

There are two mirrors (Fig. 35), I called the ^ Index GlasSf 
attached to the arm IL which carries a vernier, and which moves 
along the graduated Hmb BC; the other H, called the Horizon 
GUlss, rigidly attached to the frame of the instrument. A tele- 
scope is also attached to the frame and points into the horizon 
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glass. The horizon glass is silvered on the lower half, and clear 
on the upper half. 




To Measure a Horizontal Angle. Bring the plane of the sex- 
tant into the plane of the two objects (D and E) to be sighted, 
and sight the telescope toward the fainter object (this may some- 
times require that the instrument be held face downward). 
Move the instrument arm, IL, along the limb so that the image 
of D reflected from I to the lower half of the horizon glass appears 
superimposed upon E. The exact coincidence is made by clamp- 
ing the vernier and by using the tangent screw. 

The reading on the limb, corrected for the index error, gives 
the value of the angle. 

Theory of the Sextant '' If a ray of light is reflected suc- 
cessively from two plane mirrors, the angle between the first and 
last directions of the rays is twice the angle between the plane 
of the two mirrors.'' The proof of this is as follows : In the figure, 
FG and HG are perpendicular to the plane of the mirrors. The 
ray of light from D is reflected from I to H and then through the 
telescope to P. The angle between the mirrors is HLI and that 
between the objects is DPE. Since the angle of incidence equals 
the angle of reflection, 
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DIF = FIH and IGH = GHP. 
Now DPH = DIH - IHP = 2 (FIH - IHG) ; 

also 

HLI = 180'' - (IHL + HIL) = 180'' - [(90** + IHG) 

+ (90^ - FIH)] = FIH - IHG. 

When the mirrors are brought into paralliel planes, the angle 
L is zero, and the angle P is zero and rays DP and EP are parallel. 
This position of the arm gives the zero reading of the vernier. 
From the above proof 1° on the arc should be marked 2°. 

Adjustments. The adjustments of the sextant are given in 
detail in Problem F4, and will not be repeated here. 

PROBLEM Fl. PLANE TABLE PRACTICE 

Equipment. Plane table (including alidade, compass and level 
box, plumbing arm and bob), steel tape, stadia rods, hatchet and 
stakes. Also sheet of drawing paper, engineer's scale, triangles, 
and irregular curves. 

Definitions. The method of radiation consists in locating a 
point by an azimuth from a given line, and a distance from a given 
station. The method of intersection consists in the location of a 
point by knowing the direction of the point from the two ends of 
a given base-line. 

The method of traversing is similar to that pursued in travers- 
ing with the transit, except that the courses are plotted directly 
without taking notes. 

Problem. To survey an area by rise of the three methods given 
above. 

Method. Lay off a base line from 200 to 500 ft. in length. 
Assume a convenient scale and plot this base line. Set up the 
plane table over one station and orient it with respect to the other 
station. Locate any desired object by an angle and a distance 
(radiation), or by drawing lines of indefinite length toward 
different objects. Then set up over the other end of the base 
line, and having oriented the table, check the position of the 
points obtained by the method of radiation, by the method of 
intersection. Make a complete plot of the structures or 
natural objects within the enclosure. The property lines may 
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be obtained either by radiation or intersection, or by the method 
of traversing, starting with one boundary line as a base line. 

If it be desired to set up over any point in the area, whose 
position on the paper is unknown, the instrument may be set up 
over the given point and by means of the three-point problem, 
this point may be located on the paper. See pages 103 and 104. 

If only two points have been located on the drawing, the loca- 
tion of a third point may be found by use of the tvHhpoirU problem. 
For solution of this problem see page 104. 

Notes. Enter in the field book, the problem, party, equip- 
ment, and date. Give a brief statement of the work performed 
in the field. The drawings should be carefully and accurately 
made, and submitted with the field book. 

PROBLEM F2. ADJUSTMENTS OF THE PLANE 

TABLE 

Equipment. Plane table (including alidade, compass and level 
box, plumbing arm and bob), steel tape, stadia rods, hatchet and 
stakes. 

Outline. Make or test the adjustments as described on page 
105. 

Report. Give a concise statement of what was actually done 
in the field, similar to the report on level and transit adjustments. 

PROBLEM F3. USE OF THE SEXTANT 

Equipment Sextant (and several range poles if so directed by 
the instructor). 

Problem. To measure the angles between permanent objects 
or to close the horizon, iising range poles with varicolored flags as 
sights. 

Theory. The principle upon which the sextant is constructed 
is that if a ray of light is reflected successively between two plane 
mirrors, the angle between the incident and reflected rays is 
double the angle of the mirrors. 

Method. Either measure the angles at a certain station 
between several permanent objects, or set six range poles about a 
central point so that they will subtend angles approximately 60^ 
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in magnitude^ and be at least 200 ft. from the central point. 
Measure each of the angles at least six times by use of the sextant. 

The method of procedure is as follows: Hold the plane of the 
instrument in the plane of the observer's eye and the two points 
sighted at. Point the telescope at the fainter object, and bring 
the image of the other object directly over it by moving the 
vernier arm. Clamp the movable arm, and bring the two objects 
to exact coincidence by use of the tangent-screw. If the brighter 
object is to the right of the fainter one the instrument must be 
direct, and if to the left, the instrument must be held upside down. 

To secure good results the following points should be noted: 
(1) The index error should be applied (see next problem). (2) 
The instrument should be held as near the central point as 
possible at each observation. (3) Unless the objects are in the 
same horizontal plane the angles will not sum up to 360^. 

Modificaiion. The sim's altitude may be measured by use of 
the sextant. When the sun is on the meridian, the measured 
altitude, corrected for refraction, index error, etc., may be de- 
termined, and knowing the declination of the sun, the colati- 
tude of the place may be found. 
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PROBLEM F4. THE ADJUSTMENTS OF THE SEXTANT 

Equipment Sextant. 

Method. The adjustments of the sextant are four in number: 
1st. To make the plane of the index-mirror perpendicular to 
the plane of the arc. 2d. To make the plane of the horizon- 
glass perpendicular to the plane of the arc. 3d. To make the 
axis of the telescope parallel to the plane of the arc. 4th. To 
determine the index error. 

1. To make the plane of the index-^mirror perpendicular to the 
plane of the arc. Place the arm of the instrument about in the 
middle of the arc, and set the instrument on a stable support. 
Place the eye so that the direct and the reflected image of the 
arc scale may be seen joining each other in the index glass. If 
they do not form one straight arc, tip the mirror either back- 
ward or forward by use of the adjusting-screw under the mirror. 
It may be necessary to slip some paper or tracing-cloth under 
the arm attached to the mirror in order to make the sextant 
hold this adjustment. 

2. To make the plane of the horizon-glass perpendicular to the 
plane of the arc. This observation is best carried out by sight- 
ing on a star. Place the arm so that it reads zero on the arc; 
hold the instrument so that the plane of the arc is vertical, and 
slide the arc backward and forward by slow motion. If the in- 
strument is out of adjustment in this respect, the direct and 
reflected images will not coincide, but the reflected image, as 
the arm moves, will be slightly above or below the direct image. 
Adjust the horizon-glass so that the two images coincide when 
the reflected passes the direct in moving the arm. 

3. To make the axis of the telescope parallel to the pilane of the 
arc. Prepare two blocks which are equal in height and the same 
as the height of the center of the telescope above the plane of 
the arc. Place the blocks on the arc and set a point on a wall 
about 25 to 30 feet from the instrmnent by sighting over the 
blocks. Move the sextant slightly, so that the point may be 
seen through the telescope. If the center of the telescope 
traverses the point, the center of the telescope, being as high 
above the plane of the arc as the two blocks are, the axis of 
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the telescope is parallel with the line of the blocks, and, therefore, 
parallel with the plane of the arc. If the axis of the telescope 
does not traverse the point, adjust the collar attached to the 
telescope until the axis does traverse the point. Some sextant 
telescopes are equipped with cross-hairs, which are at the same 
distance from the axis of the telescope and which may be made 
parallel to the plane of the arc. When making the adjustment 
by means of this telescope, place it in the collar of the sextant and 
make the cross-hairs parallel to the plane of the arc. Sight on an 
object, such as a slender rod, some distance away, and make the 
images stand one over the other on one wire. Then move the 
sextant so that the images are on the other wire. If they stand 
one directly over the other, as before, the instrument is in ad- 
justment. If they do not, adjust the collar by trial until they 
hold the same relative position when seen on both wires. 

4. To determine the index error. When the direct and the re- 
flected image of a distant object, as a star, are seen one super- 
imposed on the other, the zero of the vernier should coincide 
with the zero of the scale. If they do not coincide, the distance 
from one zero to the other is called the " index error." The 
sextant is equipped with adjusting-screws for making the two 
coincide, but it is better to adjust the instrument so that this error 
is small, and then note whether the error is "on arc " or "off 
arc," and apply the index error to the readings of all angles 
taken' with that particular instrument. The sextant is gradu- 
ated, for several degrees on the lower side of zero, so] that this 
index error can be read on both sides of the zero-mark. The 
index correction is "on arc " when it is on the main scale, and 
is then mintLs; it is "off arc " when it is on the extension of the 
scale, and is then positive. The best object to use in making this 
adjustment is a star, but a range-pole may be set up at a distance 
of several hundred feet and used for making the adjustment. 

Notes. In making the adjustment of a particular instrument, 
give a record of the readings on the several trials; in the third 
adjustment give the distance between the two lines of sight on 
the wall (in inches), until they are made to coincide. Make 
six determinations of the index error, and take the mean of the 
six readings as the index error. State whether it is on arc or 
off arc. 



CHAPTER VIII 

THE ANEROID BAROMETER AND THE PLANIMETER 
THE ANEROID BAROMETER 

The aneroid barometer consists of a circular metallic box, her- 
metically sealed, and one side covered by a corrugated plate. 
The air has been partially exhausted, enough being left in to 
compensate for the effect of temperature on the plate itself. The 
cover rises or falls as the air pressure becomes less or greater, and 
this movement is multiplied and transmitted over a scale on the 
outer face. The scale is graduated in inches corresponding to the 
heights of a mercury column. 

Uses of the Aneroid. The aneroid barometer is especially 
adapted to reconnaissance and exploratory work. With care, it 
is capable of giving results within one to ten per cent. The 
particular advantage in its use is rapidity. 

Theory. The student is referred to the larger treatises on 
survejdng for the theory of the aneroid. A brief statement of the 
theory will be found in Problem Gl. 

THE POLAR PLANIMETER 

The planimeter is an instrument used for measuring areas that 
have been previously drawn to scale. There are three kinds of 
planimeters, the polar, the suspended, and the rolling planimeters. 
The polar planimeter is most commonly encountered in practice. 

Theory. In describing a closed figure with the fixed point of 
the planimeter outside the figure, the area described is equal to 
the product of the roll of the wheel times the length of the arm. 
When the fixed point is inside the figure, the area of the zero 
circumference must be added to the roll of the wheel. 

There are three motions for the planimeter: First, where the 
angle dee in Fig. 36 is 90**, the motion of the wheel at c will be 
along its axle and, consequently, there will be no record. 

If this angle remains at 90** a circle will be described by d 
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and this circle is called the zero circumference. It can thus be 
seen that when the fixed point of the planimeter is inside the area 
that part of the area within the zero circumference will not be 
recorded. 

Second, when the point d ^^^^'^""---^^Jlc, 

is outside the zero circle, the ^^^ 
motion in a clockwise direc- 
tion will be positive, and the 
second reading will be greater 
than the first. 

Third, when d remains 
within the zero circumfer- 
ence the record in a clock- 
wise direction is negative 
and the second reading on 
the wheel will be less than 
the first. 

In order to see that the motions of the wheel are correctly 
summed for all motions, it is advised that four figures be con- 
structed, the first three conforming to the three motions above 
described, and the fourth where the area described is partly 
inside and partly outside the zero circumference. In this con- 
nection it should be remembered that the area obtained by the 
wheel is that lying between the path described by the movable 
point and the zero circumference. Problem G2 fully explains 
how the constants of the planimeter are obtained or checked, and 
how it is used in an actual example. 




PROBLEM Gl. ELEVATIONS BY USE OF THE 

ANEROID BAROMETER 

Equipment. Two aneroid barometers, two thermometers and 
watches; or one aneroid barometer, a mercurial barometer, and 
thermometers. 

Theory. The use of the barometer to determine differences of 
elevation depends upon the supposition that the atmosphere is 
composed of a series of layers of air, which decrease uniformly in 
density as the altitude increases. Practically, this is not true, 
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and a correction must be applied for temperature and humidity. 
A common formula for the difference in elevation is: 

Difference in elevation ( in feet 1 = 62737 ( log — — log — 1 

where Bi and B are the barometer readings at the lower and 

higher points in inches. Table I gives the quantity 62737 log 

30 

— -• This value is for the mean temperature of 50°; for any 

B 

other mean temperature, the difference in elevation is corrected 

by the quantity in Table III, this correction being multiplied by 

the approximate difference in elevation of the two points as 

obtained from Table I. 

Problem. To determine the difference in elevation of several 
points by use of (a) two aneroid harometerSf and (h) an aneroid and 
a mercurial barometer, 

(a) Owing to the greater cost and non-portability of the 
mercurial barometer, two aneroid barometers are sometimes used. 
One aneroid is left in the office and readings are taken at definite 
times, and the temperatures are noted. Before going into the 
field readings are taken in the office on both the field and office 
aneroids. The time and temperature are noted. The field 
aneroid is then taken to the different points whose elevations are 
desired. The barometer is read, also the temperature, and the 
time is noted. 

When the points differ much in elevation the aneroid will lag, 
and the observer should wait at the station for a reasonable time 
before taking the reading. It is reconunended that they be taken 
on the five minute intervals, in order that they may be combined 
with the office aneroid readings, which are taken every five or ten 
minutes. After the field work is completed, the office and field 
aneroids are compared at headquarters, and a note made of the 
time. 

(6) When the merciuial barometer is used as reference, its 
attached thermometer is read and the mercurial reading reduced 
to 32° by use of Table II. The elevation obtained by reducing 
this reading is practically the absolute elevation of the point above 
the sea level, and after the difference in elevation of the office 
and field points has been found, the absolute elevations of the 
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field points may be determined. When two aneroids are used, 
the relative differences in elevation are found. 

Computations. The matter following refers more particularly 
to (a) above, but the method of procedure in (6) is similar, after 
the mercurial column has been reduced to 32**. The difference 
in the readings of the field and office barometers does not remain 
constant, i.e., it is not the same at the beginning as at the end of 
the work. In order to eliminate error as far as possible from this 
source the following methods are pursued: 

First, when the observations extend over a prolonged interval. 
Find the difference of the field and office readings at the be- 
ginning and at the end of the work. Find the difference of these 
two quantities. Divide this difference by the number of time 
intervals between the beginning and the end of the work. Apply 
this as a ccmstant increment to the difference of field and office 
aneroids at the beginning of the work. In this way a table can be 
constructed which will give corrections to the field barometer 
readings at the different times. These corrections are applied to 
the proper field readings. Elevations corresponding to the office 
readings and the corrected field readings are found from Table I. 
The difference in elevation of two readings taken at the same time 
will give the approximate difference in elevation of the points. 
This approximate difference is multiplied by the temperature 
coefficient as foimd in Table III, and the product is applied to the 
approximate difference in elevation giving the true difference in 
elevation. 

This method is the one used in the sample notes below, and 
should be clearly imderstood by inspection. 

Second, when the time interval between the first and last 
readings is only one or two hours. Find the difference of the field 
and office readings at the beginning and end of the work. Com- 
pute the mean difference. Apply this mean difference to the 
field reading in order to reduce both barometer readings to the 
same plane of reference, and proceed with the reductions as before. 
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PROBLEM G2. THE POLAR PLANIMETER 

Equipment Polar planimeter, set of drawing instruments, 
triangles, scale, and sheet of paper about 15 inches square. 

Problem. To check the constants of the planimeier, and then 
to find the area of an irregular figure. 

Theory. In tracing a closed figure with the fixed point of the 
planimeter outside the figure, the area of the figure is equal tp 
the roll of the wheel times the length of the arm. When the fixed 
point is inside the figure the area of the zero circumference must 
be added. 

Method. Draw a four inch square, a six inch square, a circle 
of four inch diameter, and a circle of six inch diameter, so placed 
that when the fixed point of the planimeter is inside the six inch 
figure, the rolling wheel will stay on the paper. Designate the 
figures as 1, 2, 3 and 4. Set the slide index opposite the 10 D'' 
graduation on the bar. This equals ten times the number of 
revolutions of the wheel, or, in the formula A = hnc, he becomes 
10, whence A =* 10 n. 

Traverse each figure with the fixed point of ihe planimeter 
outside. The initial reading a is noted, and after traversing the 
figure, the reading b is taken. The figure is again traversed, and 
a reading c taken. Find (6 — a) and (c — 6). 

To find " area by planimeter " take the mean in columns 5 
and 6 for each plot and multiply this mean by 10. The true area 
of each plot is found by the rules of geometry. 

Take similar readings on a six inch circle, with the fixed point 
of the planimeter inside the circle. Before entering the values 
{b — a) and (c — b) add to each the number on top of the bar just 
over the 10 D" graduation. This number is one-tenth the area 
of the zero circumference. Then, if Z denotes the area of the 
zero circumference, 



A = lOn + Z 



= 10(n + |). 



Note that (6 — a) is negative if motion is clockwise; also, that 
the wheel will tiun more than ten times in going around a six 
inch circle. 



^ 
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With the index still set at the 10 D" graduation, measure aa 
nearly as possible the distance from the fixed point to the tracing 
point when the wheel only slides; that is, when the motion is 
entirely parallel to the axis of the wheel. This is the radius of 
the zero circumference. Designate this reading aa R, and 

record it on the right-hand page of the field book. Then — - 

should be a rough check of the number on top of the bar. 

Assume that the four inch square represents a plot of ground 
at the scale of I" = 1'. Set the index at 400 D' J" = 1'. This 
means that if the scale is i" = 1', A in square feet equals 400 n. 
Enter this computation as 1'. 

Lay off any convenient length of arm, h, and traverse a known 
area, noting the number of turns, n, of the wheel. The circum- 
ference of the wheel, c, may then be found from the equation 
A = hnCy where A is the area described. Record the results en 
the right-hand page. This value is often given by the maker. 

Area of an Irregular Figure. Having obtained the area of an 
irregular figure by calculation, check it by the use of the pla- 
nimeter. 

The {dot of any survey may be traversed with the planimeter, 
the calculated area being checked by the area obtained by the 
planimeter; especially any survey of an area where one or more 
sides are bounded by streams. 
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CHAPTER IX 

RAILROAD CURVES 

Railroad curves are in general arcs of circles. The degree of 
curve is the angle subtended at the center by a chord of 100 ft. 
A curve is designated by its degree or by its radius. The flat 
curves in use on steam railroads are designated by the degree, and 
the sharp curves in cities, on electric railways, are designated 
by their radius. 

Simple Curve. A simple curve is a curve of a single radius 
connecting two tangents. In Fig. 37, the different parts of the 




curve are designated as follows: The lines AV and BY are 
called tangent distances or "tangents," T. The distance AB 
is the long chords C, of the curve; FG the middle ordinate, M; 
and GV the external distance, E; AO the radius, R. The ex- 
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temal angle at V between the tangents is the intersection angle, 
I, which equals the central angle of the curve AOB. From the 
figure the following equations may be deduced: 



AV =T =RtaniL 

AF = JC^RsinJI, or C = 2RfiinJL 

FG=M=R-OF = R-RcoslI = R(l-coslI) 
= R vers J I. 

VG = E = VO - R = Rsec J I - R = R (sec J I - 1) 

= R exsec i I. 



(1) 
(2) 



(3) 

(4) 



100' 



The fimctions versine and exsecant are of great service in curve 
computation. Special tables including them are given in most 

of the railroad field books. It is not 
deemed- best to include them in this 
book; therefore, the other parts of for- 
mulas 3 and 4 must be used in solving 
problems. 
In Fig. 38, ae - J a5 = R sin i D, 




or 



R = 



60 



sin^D 



(5) 



FiQ. 38 



Where the radius of the curve R is 
given, and a chord less than 100 ft. is 
used, the central angle d for the chord c 
is found from the formula 



8in}d s= 



2R 



(6) 



Laying Out the Curve. Three methods will be given for laying 
out a curve. First, by transit and tape; second, by offsets from 
the tangents; and third, by offsets from the chords produced. 

Curve by Transit and Tape. The usual method for laying out 
a curve is by deflection angles from the tangent and distances 
from station to station. The solution may be explained by 
referring to the figure. 

Lay off the tangent distances, locating the P.O. and P.T. Set 
the transit up at the P.O.; set vernier A at zero; sight along AV, 
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clamping the lower motion (Fig. 37). Lay off the deflection to 
the point N, the proper distance AN being given by the tape. 
This deflection is half the central angle for this chord. Then lay 
off the deflection VAN, which is half the central angle AON. 
Proceed in a similar way until the P.T. is reached. 

It is always best, if possible, to set the P.T. from the P.I. When 
the P.T. is visible from the P.C., the deflection angle P.I. — 
P.O. — P.T., should be checked before any stakes are set on the 
curve. This method is treated in Problem HI. 

Length of Curve. The length of curve L = 100 — , or in case 

a chord less than 100 ft. is used the formula becomes 

L-oi. (7) 

Stationing the Curve. The stationing on the center line of a 
railroad is carried along as in profile leveling; that is, the station 
numbers are the distances from station zero. Where the P.O. 
is at a plus station, in order to keep the stationing at whole 
numbers, the deflection angle for the sub-chord is found by a 
combination of formulas 5 and 6. From equation 6, c == 
2 R sin ) (2 and from equation 5, 100 = 2 R sin } D, whence, 
dividing equation 6 by equation 5, we get 

c aiaid d ,^ 

d-c^. (8) 

With very sharp curves, when the radius of the curve R, is 
given, a chord c' less than c may be necessary in order to keep the 
stations on the curve correct. In this case, formula 8 becomes 

d' = ^, (9) 

c 

where d' = the central angle for the chord e\ 
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Offsets from the Tangent. This method is fully outlined in 
Problem H3. 

Offsets from the Chords Produced. This method of locating 
a simple curve is also treated in Problem H3. 

Compound and Other Curves. It is not the province of this 
book to go into the theory of railroad curves to any appreciable 
extent. The reader is referred to any one of the numerous 
railroad curve field books for more complete information on this 
subject. 

PROBLEM HI. SIMPLE CURVE WITH TRANSIT 

AND TAPE 

Equipment Transit, 100-ft. steel tape, two range poles, set 
of marking pins, two plumb-bobs, hatchet, stakes and tacks. 

Problem. To lay oiU a simple curve with transit and tape 
having given the degree or radius of the curve, the central or inter- 
section angle /, and the station of the P.C, 

Method. Compute the tangent distance, and a complete 
table of deflections for staking out the curve from the P.C. 
applying the check that the last deflection should equal i I. Set 
a stake at the P.I. and lay off the tangent distances in suitable 
directions, so that they make an angle I with each other. Set up 
the transit at the P.C. and after checking the angle P.I. — P.C. — 
P.T., stake out the curve. 

Note the error in line and distance. This should be a reason- 
ably small error, depending upon the length of the curve and other 
conditions. Keep the P.T. as first located. 

Transit station on curve. Assume that the P.T. of the curve 
cannot be seen from the P.C. Line out the curve to a designated 
station. Set up the transit at this station, and stake out the 
remainder of the curve. To find the tangent to the curve at this 
intermediate station, sight at any transit station on the curve, 
with the deflection of that station set off on the proper side of 
zero; plunge the telescope, and continue as if at the P.C. of the 
curve. Note the error in line and distance between the P.T. 
which was first set and that found from the intermediate set-ups. 

Reference-stakes should be placed at one side of all transit 
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stations, and should give, on the front of the stake, the number of 
the station and whether stake is P.C. or P.T.; and on the back, 
the degree of curve and its direction. All other stations should 
be marked from top to l>ottom, the numbering being visible as 
one walks along the line from zero. 

Remark, The above problem may be modified to suit condi- 
tions which arise in actual practice. 
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PROBLEM H2. SIMPLE CURVE, P./. INACCESSIBLE 

Equipment. Transit, 100-foot steel tape, two range-poles, 
set of marking-pins, hatchet, two plmnb-bobs, stakes, keil, and 
tacks. 

Problem. Given two tangents and any number of intervening 
traverse lines {one traverse line is used in this problem), to connect 
the tangents by a simple curve of given degree, the P.I, being in- 
accessible. 

Method. Solve the triangle VBC for VB and VC, knowing 
the deflection angles at B and C and the chord BC. Assume 




Fig. 39 



D, calculate T, and lay off the difference between T and BV to 
locate the P.C. and T and VC to locate the P.T. Line for the 
hubs which determine the P.C. and the P.T. is given by set- 
ting up the transit at stations B and C. 

Example. Given BC = 230.0 feet, angle B = 10** 05', angle 
C = 7^ 35', D = 4** 00', and station of B = 22 + 50. 

Anw)er, T - 222.64, BV = 100.02, VC = 132.69, sta. 
P.C. = 21 + 27.38. 

Remark, The above example may be modified either by 
changing the given data or by increasing the number of traverse 
lines. In the latter case there will be one triangle to solve for 
each traverse line. 

Notes. Similar to those in the preceding problem for the left- 
hand page, and for the right-hand page a sketch similar to that 
given above, together with the principal computations; also 
error, party, date, equipment, etc., as usual. 
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PROBLEM H3. LOCATION OF A SIMPLE CURVE BY 

USE OF TAPE ALONE 

Equipment. Two range-poles, lOO-ft. steel tape, a 50-ft. cloth 
tape, set of marking pins, plumb-bobs, hatchets, stakes, and tacks; 
also a transit to set the P.C. and the P.T., if so directed by the 
instructor. 

Problem. First, to locate a curve by offsets from the tangents; 
second, to locate the same curve by offsets from the chords produced. 

Theory. Offsets from the Tangents. In the figure the dis- 

d 
tance AA' ^ xa == c sin - where d equals the central angle for 

the chord c. 




Fia. 40 



d D 

yA= CCOS-* For the point B, the angle B"AB — d + •-, 

where D equals the degree of curve, and the distance BB" = 

100 sin \d + - ]• The distance B'B = B'B" + B"B. The dis- 

tance AB" = 100 cos ( ^ + -r I, and the distance yn — VA'V 
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AB". The distances x and y for the other points may be found 

in a similar way. 

Offsets from the Chords Produced. When the curve begins 

c« 
with a sub-chord. In the figure, the distance AA' = — — • A dis- 

2 R 

tance equal to AA' is laid off at the P.O. and the line joining this 

point and A is a common tangent to the curve at the point A. 

, 100* 
The distance BB « — , where AB = 100 ft. and the angle 

AB'B = 90^ The distance CC = 2 BB' and BC = BC « 
100 ft. Similarly for other points. 



Fig. 41 

In order to determine the direction of the tangent to the curve 
at the P.T., the method pursued at the P.O. is reversed. 

Field Work. Having set the P.C. and P.T., locate the points 
on the curve, first by tangential offsets. The angles at A' and B' 
are right angles. The cloth tape is used to get the offsets. The 
points A', B', etc., are lined in by the eye. If the curve is 
long, there will be a saving of time by locating the last part of it 
from the P.T. instead of prolonging the first tangent beyond 
the P.I. 

Second, locate the curve by offsets from the chords produced. 
When the curve begins with a sub-chord, the first two points are 
located by offsets from the tangents. The method of procedure 
is evident from an inspection of the figure. The chord offset for 
a full station is twice the tangential offset for a full station. A 
given point can best be located by an offset from the chord pro- 
duced when the preceding chord is a full chord in length. When 
this is not the case, locate by offset from the tangent at the 
preceding station. 
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CHAPTER X 

THE UNITED STATES SYSTEM OF LAYING OUT THE 

PUBLIC LANDS 

System. The United States system of surveying the public 
lands was inaugurated about 1785. The area included was that 
portion of the country north of the Ohio and west of the Missis- 
sippi Rivers not owned by individuals previous to the dates of 
cession to the United States Government. Portions of the states 
of Alabama, Florida, Mississippi, and Tennessee were also in- 
cluded. Details of the method of subdivision have been modi- 
fied from time to time, but the main features of the work have 
remained practically unchanged. A complete outline of the work 
of subdivision is given in the " Manual of Surveying Instructions," 
issued by the Commissioner of the General Land Office, Wash- 
ington, D. C. 

, The work of subdivision proceeded slowly, progressing only as 
demand for land was made. Unfortunately many of the early 
surveys were made by contract, and the work was very poorly 
performed, in some cases the field work not actually being done. 

The law required that the land should be divided by north and 
south lines run according to the meridian, and by others crossing 
them at right angles, so as to form townships six miles square; 
also that the townships should be divided into thirty-six sections, 
each containing six hundred and forty acres. This was to be done 
by a system of parallel lines, one governed by true meridians and 
the other by parallels of latitude, intersecting each other at right 
angles at intervals of one mile. 

It is evident that on account of the convergence of the merid- 
ians, it is impossible for the townships to be six miles square. 
The same is true for the division of the townships into sec- 
tions. Therefore, it was necessary that one or the other of the 
requirements be modified. In the division into townships, the 
east and west lines of the township are true meridians, conse- 
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quently the length of the north line of a township is less than that 
of the south. In the subdivision of a township into sections, the 
interior lines are made parallel to the east line of the township, 
and neglecting errors in surveying, there will be thirty sections, 
each one mile square. The law specifies that errors and dis- 
crepancies shall be thrown into the westerly and northerly sections. 
It is for this reason that the work of subdivision of a township 
into sections starts from the east side of the township. 
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Details of the System. The work of subdivision is carried on 
as follows: 

First, establish an initial point from which to start the survey; 

Second, establish a principal meridian passing through the 
initial point; 

Third, establish a base line conforming to a parallel of latitude, 
passing through the initial point, and extending both east and 
west from it; 

Fourth, at 24-mile intervals on the base line, establish guide 
meridians which are true meridians; 
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Fifth, at 24-mile points on the principal meridian, establleh 
tlandard paraltela. 

The area will then be divided into tracts approximately 24 
miles square, aa shown in Fig. 42. 

Division into Townships. The 24-mile tracts are divided into 
townships by projecting true meridians and paralleb of latitude 
at the SLX'mile points. (Fig. 43.) The upper line of a tAwnshlp 



O- 



will be shorter than the lower line on account of the convergence 
of the meridians. When the standard parallel or Mrrection line is 
reached, the division into townships starts anew with six-mile 
distances laid off on the correction line. There will then be two 
sets of monuments on this hne; one for the townsbipB south of the 
line, and the other for those north. 
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Subdivision of a Township. A township is divided into sec- 
tions by laying ofif distances of one mile each on its southern line, 
and from these points lines are run northerly and parallel to the 
east boundary. One-mile distances are laid ofif on these north 
lines. Random lines are run easterly from the one-mile points 
on each northerly line toward corresponding points to the east. 
Temporary monuments are set at half-mile intervals along these 
lines, and if a line strikes the section monument previously set, 
the half-mile monuments are made permanent; but if not, the 
failure to close is noted and the temporary monument is moved 
proportionally in the proper direction. 

Random lines are also run from the fifth-mile points on the 
northerly lines to the monuments on the north line of the town- 
ship, and corrections made if necessary. 

It should be noted that there wiU be six distances, one mile 
each, on the southern line of the township only when it is on a 
base line or on a correction line. In other cases there will be 
five distances, one mile each, starting from the east line of the 
township, and the sixth distance will be less than a mile, the 
amount depending upon the divergence of the meridian. Fig. 43 
shows both the division into townships, and the division of a 
township (4 N R 3 E) into sections. 

Subdivision of a Section. A section may be subdivided in 
many dififerent ways. It may be divided into quarters, and these 
quarters further subdivided. Fig. 44 gives one method of sub- 
dividing a section. 

Method of Designation. Townships are designated by their 
number above or below a certain base line, and by their number 
to the east or west of a certain principal meridian. The sections, 
in a township are numbered as in Fig. 43. The northwest quarter 
of a certain section might be designated as N. W. i Sec. 12, T 3 
N, R2E, " "P.M. 

Comers, Many different materials are used for comer monu- 
ments. First preference is given to durable stones, then posts, 
and finally mounds with stake in pit. 

Meandering, In order to determine the area of tracts partially 
covered by water, meander lines are placed along the banks of the 
body of water and offsets are taken to the high water points. 
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The meander lines are tied into the main lines of the survey. 
They are in no case boundary lines, but are used merely as trav- 
erse lines. The " Manual of Surveying Instructions '' gives a 
large amount of additional information on this subject. 



17.70 



ao.o 



6 



17.96 



20.0 



S! 



S 



18.10 



W.W 



40.00 



9 
a* 



40.00 



S 



6 



40.00 



S 



l&SO 



20.00 



40.00 



S 
9 



Fig. 44 



To Establish a Base Line or a Standard Parallel of Latitude. 
A parallel of latitude is a line which is at every point at right 
angles to a meridian passing through that point. It is, therefore, 
a curved line. If a true north and south line is determined, and 
a 90° angle turned at one end of this line, a great drde will be 
projected on the earth's surface. 

On the other hand, a parallel of latitude is a small circle. To 
obtain a base line or a parallel of latitude, a straight line is pro- 
jected and offsets are taken from this line to the required curved 
line. 

The principal meridian, which is a true north and south line, 
is determined as in Problems L1-L4. A standard parallel i» 
foimd from this meridian either by use of the secant method or 
by the tangent method. 
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The Secant Method. '* This method consists in running a 
connected series of straight lines each six miles long, on such 
courses that any one of the lines will intersect the curve of the 
parallel of latitude in two points, separated by an interval of four 
miles; and from the lines thus established, measiu*ing north or 
south, as the case may be, to attain other required points on 
the latitude curve." Referring to Fig. 45, it will be seen that 
the transit is set up south of the township comer from which the 
survey is to begin. This offset will be found in the table of the 
*^ Manual of Instructions,'^ under the column headed miles. 
The 0- and 6-mile points of a parallel will be north of the secant, 
and the 2-, 3-, and 4-mile points will be south of the secant. 
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Fig. 45 

The instrument is set up at a point on the secant line at the 
west of the township, a true meridian is established, and the 
azimuth, as found in the table under ** miles," is laid off. This 
secant line is then prolonged 6 miles and a new secant line es- 
tablished. At each mile and half-mile point an offset is measured 
to establish a point on the parallel. The direction of the new 
secant may be found by laying off a deflection angle to the north 
from the former secant. The value of the deflection angle for 
the particular latitude is found in the table. An observation for 
meridian must be taken at least every 18 miles. 

The particular advantage of the secant method over the tan- 
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gent method described in the neirt paragraph, is due to the short 
ofFaete BSd the consequent reduction in cutting and clearing. 

The Tangent Method. Fig. 40. " This method consists in 
laying off from a true meridiao, eetablished by obeervations on 
Polarb at elongation, an angle of 90°, producing the direction thus 
determined a distance of six miles in a straight line, Mid measuring 
north therefrom, at half-mile intervals, distances of correct length 
taken from a table in the ' Manual of Instructions ' (interpolated 
if necessary), for the given latitude, to attain other points on the 
latitude curve pasaing through the tangential or initial pointo." 



Third Standard FaraUel N 



s ^ ' =i ^ ;*-■■- -'"s-iT- 

- 3 5 5 h.^ , / ■ 

r I I 5 



FKt.46 



V 



3r 



The azimuth or bearing of the tangent at successive mile points 
will be taken from the table to the nearest whole minute only, 
and will be inserted in the field notes, no interpolation being 
required except when the sights are taken. 

The tine bearing of the two points on the standard parallel 
will be derived from the same table by taking it from the column 
headed with one-half the distance between said points. The 
offsets at intervals of one mile are inserted in the table; to obtain 
Um length of the offsets at the half-mile points, take one-fourtb 
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the offset corresponding to twice the distance of the half-mile 
point from the tangential point. 

" This method is suitable for running standard parallels and 
latitude township lines in level, open country, where no inter- 
section with topographical features will be required; but in all 
cases the secant method will be found most convenient." 

Angular Convergence of the 
Meridians. The angular con- 
vergence of the meridians is found 
from the equations » m sin L, 
where m is the angular difference 
in longitude of the meridians, 
and L is the mean latitude of the 
two stations under consideration. 
This equation is derived as fol- 
lows: Assuming the earth as a 
sphere and designating the parts 
as they are on Fig. 47, 








r 
T 



RcosL 



— or 



m r R cot L 

= m sin L. 



= sinL, 



The distance between the me- 
ridians is usually given in miles 
and this must be reduced to de- 
grees. Tables are given for finding 
the length of one minute of longi- 
tude for different latitudes. By 
use of this table the number of degrees of longitude between two 
meridians may be foimd and substituted in the formula 6 =s 
msinL. 



Fig. 47 



PROBLEM II. CONVERGENCE OF MERIDIANS. 

Problem. To find the angular and the linear convergence of two 
meridians six miles apart at the latitude of the observer. 

Method. Angtdar convergence. Look up the latitude of the 
place from some book or map. Obtain from a work on geodesy 
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the length of V of longitude at the given latitude. From this 
value find the equivalent in minutes, of six miles. Finally subr 
stitute in the formula d^ := m sin L, where m = the angular 
difference in longitude (just found), $ = the angular convergence 
of the meridians and L ^ the latitude. 

Linear Convergence, The linear convergence in a given length, 
2, is c = 2 sin 0. By substituting values Qf one mile and six miles 
in this equation, there are obtained the amounts that the north 
sides of a section and of a township are shorter than the south 
sides. 



CHAPTER XI 

COMPUTATIONS 

The area of a piece oMand may be found in the following ways. 
First, by dividing the tract into triangles; second, by finding the 
lengths and bearings of the boundary lines; third, by coordinates. 

AREA BY DIVISION INTO TRIANGLES 

By Use of Tape Alone, All sides of the tract are measured, 
and also the diagonals, or an interior point may be taken and the 
distances found from this point to each comer. The total area is 
equal to the sum of the areas of all the triangles. The area of 
each triangle is found from the formula, 

the area = "^s (« — o) (s — h) {s — c), 

where a is the half sum of the three sides a, 6, and c, in each 
triangle. 

Tvx) Sides and an Included Angle, The figure may be divided 
into triangles, and two sides, and the included angle of each 
triangle measured. The area of each triangle is found by the 
formula, the area = i a6 sin C, where a and b are the two sides 
and C the included angle. The sides may be measured by the 
chain, tape, or by use of the stadia. The interior angles may 
be found either by the transit or compass. 

AREA FROM LENGTHS AND BEARINGS OF BOUND- 
ARY LINES 

In this method two common cases arise. First, where the 
boundary lines are unobstructed; second, where they are ob- 
structed. Where the boundaries are unobstructed the lines are 
measured directly and the angles are obtained by setting up at 
' each comer in turn. A transit may be used and interior angles 
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measured, from which the bearings may be computed; or, the 
bearings may be found directly by use of the compass. 

Second, where the lines are obstructed, rectangular offsets are 
made, and the bearings and lengths of parallel lines are found. 
The offset lines may be either inside or outside the given area. 

Definitions. The htUvde of a course is the projection of a 
course on the meridian, or it is equal to the length of the course 
times the cosine of its bearing. 

The departure of a course is the projection of the course on an 
east and west line, or it is the length of the course times the sine 
of its bearing. 

North latitudes are plus, and 
south latitudes are minus. East 
departures are plus, and west 
departiures are minus. 

The meridian distance of a 
course is the perpendicular dis- 
tance from the middle of the 
course to the reference meridian. 

The double meridian distance 
of a course is equal to the sum 
of the meridian distances to the 
extremities of the course. 

Derivation of Formula for 
Area. Let ABCDEF represent 
a figure whose area is to be 
computed. The bearings and 
lengths of all courses have been 
measured. A meridian is passed 
through the most westerly point and perpendiculars are let fall 
from each station to this meridian. Other additional lines are 
drawn as in Fig. 48. 

Then the area 

ABCDEF « cCDd + dBEe - cCB6 - 6BA - AF/ - /FEc, 




Fig. 48 



or area 
ABCDEF 



i(cC-\-dD)cd + i {dD'\-eE)de - } (cC -f^B) 
c6 - J (6B) (6A) - i (/F) (/A) - J (/F +eE)/e. 
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It may be noted that the quantities enclosed in the parentheses 
are the double meridian distances of the courses, and the dis- 
tances by which these are multiplied, are the latitudes of the 
corresponding courses. Inasmuch as the meridian is taken 
through the most westerly point, the quantities in parentheses 
are all positive, while the latitudes of the courses CD and DE are 
positive, and the latitudes of the other four are negative. These 
signs conform to the rule above stated, viz,: latitudes of north 
courses are plus, and those of south courses are minus. 

Both sides of the equation may be multiplied by two. We may 
then state the following rule: 

The double area of a figure is equal to the algebraic sum of the 
double meridian distances of the different cowses times their carre^ 
spending latitudes. 

The resultant area may in some cases come out with a minus 
sign. This will be due to the direction taken in going around the 
siirvey. The numerical value only, of the area, is the result 
desired. 

Computations Preparatory to Finding the Area. A survey 
'* closes " if, upon plotting the different courses, the first and last 
points coincide. If reliance is placed on a graphic construction, 
it is difficult to tell whether failure to close is due to error in the 
field or to errors in plotting. For this reason the latitudes and 
departures of the courses are usually found, and providing a 
proper set of tables is used, and no mistakes are made in its use, 
the amount by which the figure fails to close will be the error in 
field work. 

Accordingly, the latitudes and departures of all courses are 
found. The difference between the plus and minus latitudes will 
give the error in latitude, and the difference between the plus and 
minus departures will give the error in departure. The square 
root of the sum of the squares of these errors will give the amoimt 
by which the survey fails to close. This distance divided by the 
perimeter of the figure will give the " error of closure." If the 
error of closure be within prescribed limits, the error in latitude 
and departure may be distributed so as to make the survey close; 
but if not, the survey, or a part of it, must be repeated. 

A suitable form for computing the latitudes and departures 
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is given in Problem J2. The length of each course is written only 
once, and the addition of the log of the distance and the log cosine 
of the bearing is made upward, giving the log of the latitude; 
the log of the distance and the log sine of the bearing are added 
downward, giving the log of the departure. 

After finding the latitudes and departures, they may be trans- 
ferred to a table similar to that in Problem J2. The errors may 
then be distributed according to the proper rule. Finally, the 
balanced latitudes and departures may be placed either in sepa- 
rate columns or after checking they may be placed in red ink 
above the unbalanced quantities. In the table given, it is 
intended that the balanced be placed above the unbalanced 
quantities. 

Rules for Balancing. Three rules may be used for balancing. 

Ride 1. Correct each latitude and departure by the proportion: 
the correction in latitude (or departure) of any course is to the total 
error in latitude (or departure) as the length of the course is to the 
perimeter of the field. 

The correction in each case is applied so as to diminish the 
total error. For example, if the sum of the plus latitudes is 
greater than the sum of the minus latitudes, the corrections are 
subtracted from the plus latitudes and added to the minus lati- 
tudes. Similar corrections may be applied to the departures. 

Where some lines are more difficult to measure than others, 
the line which was easiest to measure may be given the number 1. 
Numbers may be given to the others according to their relative 
ease of measurement, such as 2, 2|, 3, and so on. The length of 
each course may be multiplied by the proper number, and the 
sum of the multiplied lengths may also be found. The errors in 
latitude and departure may then be distributed according to the 
following rule: 

Rule 2. The correction in latitude (or departure) of any course 
is to the total error in latitude (or departure) as the multiplied length 
of the course is to the sum of the multiplied lengths. 

Rules 1 and 2 are used where the survey is made by a compass. 
In this case, both the angles and distances may be in error, and 
accordingly both should be changed in balancing the survey. 
When the survey is made with a transit, and the rule for 



146 SURVEYING MANUAL 

angular closure observed, the directions of the courses may be 
considered exact and the survey should be balanced in such a way 
that only the lengths of the courses shall be corrected. This is 
accomplished by the following rule: 

Rvle 3. The correction in latitude (or departure) of any course 
is to the total error in latitude (or departure) as the latitude (or de- 
parture) of the course is to the arithmetical sum of the latitudes (or 
departures), ^ 

Computation of the Area. After the survey has been balanced 
the double meridian distances, D.M.D.'s, are found. The 
product of the D.M.D. of each course and the latitude of the 
course should be found, proper attention being paid to the signs 
of the latitudes. The sum of the products gives the double area 
of the figure. 

The double meridian distances of the courses may be found 
either by use of a sketch, which is reconmiended, or in the follow- 
ing way, which it is advised that the student prove to his own 
satisfaction. 

The D.M.D.'s of the two courses adjacent to the reference 
meridian are equal to their respective departures. The D.M.D. 
of any other course is equal to the D.M.D. of the preceding Course, 
plus the departure of that course, plus the departure of the course 
itself; the usual attention being paid to the signs of the de- 
partures. 

PROBLEM Jl. AREA COMPUTATION BY TRIANGULAR 

SUBDIVISION 

Problem. To compute an area either by taking measurements in 
the Jieldf so that it is divided into triangles^ or by splitting the plot 
of the area into triangles and seeding all sides. 

Theory. Where the three sides of the triangle are known, the 
area may be found by the formula 

A = Vs (« - a) (s - 6) (« - c), 

where a, 6, and c are the sides and 8 = J (a -f & + c). 

Method and Report. Having secured the information as 
stated under " Problem " above, find the values of the quantities 
for substitution in the formula. Logarithms may well be used 
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for the solutions. The computations and results may be placed 
in the field note book, both the left- and right-hand pages being 
used. 

» 

PROBLEM J2. AREA BY LATITUDES AND 

DEPARTURES 

Problem. Having given the bearings and lengths of the sides 
of a closed figure, to find the area by the latitude and departure 
method. 

Theory. As previously explained on pages 143 and 144 the 
double area of a figure is equal to the algebraic siun of the prod- 
ucts of the latitude of each course by its double meridian distance. 

Method* Sum the angles of the figure and if within limits 
compute the bearings, starting with a course whose bearing is 
considered the most reliable. Find the latitudes and departures 
of the courses, their sum, and the error of closure. If the error 
of closure is within limits, balance the survey by the proper rule. 
From the balanced quantities find the double meridian distances 
(D.M.D.'s) and finally the double areas. 

Form of Notes. Make up tables similar to those shown on the 
two pages following. In this connection three things may be noted. 

First, the logarithm of a distance is written but once with the 
log sine of the bearing above, and the log cosine below it, adding 
upward the logs of the distance and sine of bearing, for the log 
of the departure, and adding downward the logs of distance and 
cosine of bearing, for the log of the latitude. 

Second, the balanced latitudes and departures are placed in the 
table in red ink. In the example given they are in parentheses. 

Third, in balancing, note that the quantities in parentheses 
on the right-hand page are constant and need be found only once 
each for the latitudes and departures. If logs are used for this 
work after these constants are found no additional logs need 
be looked up, the log of each latitude or departure being taken 
from the table previously computed and added to the log of 
the constant and the number corresponding to the log of the sum 
of the two looked up. 

Numerical Example. The dimensions of the city block. 
Problem D3, may be used in this problem, or the data of any 
survey. 
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PROBLEM J3. VOLUME OF MATERIAL FROM A 

BORROW-PIT 

Problem. To compiUe the volumes for grading a tract of land 
which has been cross-sectioned. 

Description. The field work for this exercise has been do- 
scribed in Problem E3. The operation there explained is often 
called " cross-sectioning." 

In railroad and other work when the amount of material in 
embankment exceeds that in cut, the earth is '' borrowed " fropa 
adjacent tracts. Such tracts are called ^' borrow-pits." 

To compute the amount of material excavated from a borrow- 
pity the area is divided into squares or rectangles and elevations 
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taken at the comers of the figures, both before and after excavar 
tion. The differences in elevations at the several comers, before 
and after grading, will give the cuts at these comers. 

The formulas given below are general, whether the material is 
in excavation or in embankment. 

Each of the regular sections in Fig. 49 is a truncated rectangu- 
lar prism, whose volume is equal to the average of the four comer 
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heights multiplied by the area of the right section. That is, the 
volume of the 

ai + oj + 6s + 6i 



prism B = A 



4 



and of prism C = A . 

4 

and so on. 

It can be seen that with A as a common area, the heights a^ 
lhtC2t<hf etc., enter into the volume of one prism only; that ot, os, 
Oi, etc., enter into two only; 62, Cs, di, etc., into three and so on. 

Therefore, if ^1, hf hz, and h^ represent heights common to 
one, two, three, and four prisms respectively, the total volume 

Vtotoi = A : m cu. yds. 

4 X 27 

Method. Having decided on the grade elevations of the 
comers of the squares or rectangles, compare each in turn with 
the ground elevations. Substitute in the formula above, being 
careful that the quantities are properly grouped. 



CHAPTER XII 

PLOTTING 

Drawing Instruments. The instruments needed for the ordi- 
nary plots of areas and profiles are: A straight edge, two triangles, 
an engineer's scale, protractors, ruling pen, and lettering pen. 
Suitable paper should be at hand, also a bottle of red and one of 
black ink. It is assumed that the student has received elemen- 
tary instruction in mechanical drawing. 

Scale of Drawing. In most engineering offices, drawings are 
made to certain standard sizes. In this case, the scale to be used 
for a certain plot will depend largely upon the special size of sheet 
selected. The final choice of scale may be made by drawing a 
rough sketch of the tract on a separate piece of paper, and by use 
of this sketch, place the plot so that it will appear well on the 
large paper, remembering that there must be a place for the title, 
an arrow, and any necessary notes of the survey. If the latitudes 
and departures have been computed, a plotting table may be 
arranged where the reference meridian passes through the most 
westerly point of the survey. The latitudes and departures of 
all points from the two axes will then be given. The proper scale 
may then be selected and a suitable location on the map obtained 
from the maximum departures and the sum of the maximum plus 
and minus latitudes. 

Plotting Traverses. There are three common methods of 
plotting traverses. First, by bearings and distances, making 
use of a protractor and scale; second, by the natural tangents 
of angles; third, by latitudes and departures. 

Plotting by Bearings and Distances. Select a suitable position 
for the initial station and for the given meridian. Place the 
center of the protractor over the first station with the 0° and 180* 
marks coinciding with the meridian. Lay off the bearings to the 
two adjacent stations drawing lines in the direction of the stations. 
Lay off the distances from the first station to the others. 
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Through the second station draw a line parallel to the original 
meridian, and by use of the protractor and scale, find the position 
of the third station. Proceed in this way until the area is tra- 
versed. The amount by which the figure fails to close will be 
the total error of closure. The disadvantage of this method is 
that we are unable to tell whether this error is due to plotting 
or to field work. 

If either interior or deflection angles are measured, the first 
line of the survey is laid down, and the proper direction of the 
second line is found by use of the protractor, the third point 
being located by the scale. The protractor is then placed at the 
third station and the forward line located as before. 

Natural Tangent Method. The first line of the traverse is 
plotted, and if the exterior angle at the second station is acute, 
the line from the first to the second station is prolonged. Ten 




Distance =» 
lO'tlmes the 
natural tangrent 
of the anfirle 



Fig. 50 



inches are laid off on this line from the second station, and at 
this point a perpendicular is drawn. On this perpendicular a 
length of ten inches times the natural tangent of the exterior 
angle is laid off and a line joining this point and the second 
station will give the direction of the second line of the survey. 
The position of the third station is on this line at the measured 
distance from the second station. (See Fig. 50.) 

If the exterior angle is greater than 90°, the 10" dimension is 
either laid off backward along the line between stations, or on a 
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perpendicular from the given station, and ten times the natural 
tangent of the proper angle used. 

Latitude and Departure Method. The most satisfactory method 
of plotting a traverse is where the latitudes and departures have 
been computed and the survey balanced. In this case, the refer- 
ence meridian and an east and west line may be taken through 
any station, but preferably through the most westerly or easterly 
station, and the rectangular coordinates of the points found from 
this station. A table similar to that given in Problem K3 may 
be used, and after the points are plotted, they may be joined in 
succession. A check on the plotting will be secured by measuring 
the lengths of the different courses. 

The particular advantage of this method lies in the fact that 
the survey has been balanced; and the plot rnvM close. 

Plotting Details. After the traverse lines have been plotted 
by one of the above methods, the details of the survey are plotted 
by use of a protractor and scale. In the field, the side points are 
located from the transit line. On the drawing, " side shots '' are 
plotted either by protractor and scale or by a triangle and scale, 
depending upon whether the point is located by an angle and 
a distance, or by rectangular offsets. Among points which are 
located may be mentioned fence comers, buildings, monuments, 
streams, etc. 

Profiles. Profiles are usually plotted on special profile paper, 
although in some cases, as on changes of grade of city streets, they 
are plotted on the same sheet with the plan of the street. In 
order to emphasize the changes in elevation, the vertical scale 
may be exaggerated. The particular scales to be used will de- 
pend upon the standard sizes adopted, and to the degree of the 
exaggeration desired. One of the heavy vertical lines should be 
taken as station zero, and one of the heavy horizontal lines as 
some even elevation such as 525, 550, and so on. The rulings on 
the paper are considered accurate and points are plotted by esti- 
mation rather than by use of a scale. After the points are plotted 
they are connected by free hand straight lines. Points are taken 
in the field at changes in the slope, so that in plotting the lines 
should appear approximately straight, but they are not to be 
drawn with a triangle or straight edge. In inking, it is recom- 
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mended that a ruling-pen or contour-pen be used in preference 
to a lettering-pen. 

Titles. The title to a drawing is preferably placed in the 
lower right hand comer. For special styles of lettering the 
student is referred to the different books on this subject. 

PROBLEM KL PLOTTING A PROFILE FOR A DRAIN 

Problem. To plot a profile for a drain, having given, Ike notes. 

Method. A description of the field work of this problem is 
given in Problem B2. General directions on the plotting of 
profiles are given in the first part of this chapter, and will not be 
repeated here. 

After plotting the profile of the line, lay down a suitable grade 
line. The depth to which the pipe line is located depends upon 
the climate and whether or not heavy loads are to pass over it. 
The depth to prevent freezing is usually not less than three or 
four feet. Maximum and minimum grades are to be decided 
upon, the recommendation for the latter being not less than 
— 0.2% for an ordinary drain pipe. 

Rate of Grade, To find the rate of grade, subtract the second 
grade elevation from the first and divide by the distance in 
stations. This rate should come out an exact decimal, and if it 
does not, some change should be made such as taking the rate 
an exact amount and changing whichever elevation possible. 

PROBLEM K2. PLOTTING A PROFILE OF A STREET 

Problem. To plot the profile of a street from given notes. 

Method. The field work for this problem is given in Chapter 
III. The method of plotting a street profile is similar to that of 
plotting any profile, and accordingly the reader is referred to the 
general remarks on the plotting of profiles on page 154. 

For the proper understanding of a profile it should be accom- 
panied by a plan of the street. It is also desirable to show the 
points where the lines of intersecting streets cut the center line 
of the given street. 
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PROBLEM K3. PLOTTING A CITY BLOCK 



Problem. To make the map of a city block from given, notes, i 

Method. Having found the latitudes and departures, and 1 

balanced the survey as in Problem J2, make up a plotting table 
similar to that in the accompanying illustration. A meridian 
apd an east and west line are drawn through the most westerly 
point of the survey and the total latitudes and departures of each 
point found with respect to this point. Lay off the coordinates' 
in the proper direction and draw lines connecting the successive 
stations. Then, by use of a protractor and scale locate the side 
streets and other monuments, taking each transit station in order. 
Finally complete the work by lettering the streets, inking, 
making a suitable border line, a meridian and a title. 
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PROBLEM K4. PLOT OF A BORROW-PIT 

Problem. To make the plot of a horrorv-pit. 

Method. Make a drawing similar to that shown in Fig. 49. 
Place the elevations of the points at esich comer, reading diago- 
nally. Considering that the ground slopes uniformly from one 
corner to another, interpolate for the contours required. After 
the contours are located, the volumes for grading may be found 
if so desired, by use of the planimeter. 

PROBLEM K5. PLOTTING A LARGE AREA 

Problem. To plot the survey made in Problems Ml or M2. 

Method. The method of latitudes and departures is recom- 
mended for plotting the main line of this survey, and a protractor 
and scale for the side shots. 

Having found the latitudes and departures and balanced the 
survey in the way described in Problem J2, make up a plotting 
table as in Problem K3. A meridian and an east and west line 
are taken through the most westerly point of the survey, and the 
total latitudes and departures are obtained from this point. Plot 
the transit stations in order, connect adjacent ones, locate the 
side points by use of the protractor and scale, and finally complete 
the map including inking, meridian, and title. 

PROBLEM K6. PLOTTING A STADIA SURVEY 

Problem* To plot the survey made in Problem M3. 

Method. As previously outlined, reduce all distances to the 
horizontal, and find the differences in elevation of the stations 
and their elevations. Then obtain the latitudes and departures 
of the courses, find the error of closure, and if within limits, 
balance the survey. Make up the usual plotting table (see 
Problem K3) and draw the main line stations. Locate all side 
shots by use of the protractor and scale. The special features 
are to be drawn by use of the field sketches. 

The contours are located by interpolation. There are several 
ways of obtaining the contour lines having given a series of points 
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with their elerationa, Oae method quite commonly employed 
is Ghown by Fig. 51. 

The difference in elevation in tentba between the two points is 
72 and the G20.0 contour b desired. Similar triangles are con- 




Fio. 51 ■ 

structed graphically by cotmecting the two points by a line. By 
using a. piece of cross-section paper as shown in the sketch, so that 
a perpendicular from the point of elevation 523.4 will intercept 
72 parts on it, and then taking off 38 divisions on the scale. 
Where the 38-division line cuts the line between the points, will 
pve elevation 520.0. The correctness of the constructiou can 
be easily seen. 



CHAPTER XIII 
LATITUDE, LONGITUDE AND AZIMUTH 

1 

Celestial Sphere. The celestial bodies appear to be points on 
the inner surface of a vast sphere. The center of the earth may 
be regarded as the center of this celestial sphere, and the earth's 
axis prolonged will cut this sphere in the celestial poles. Circles 
may be drawn on the sphere corresponding to latitude and 
longitude circles on the earth's surface, and by reference to these 
circles we may find the positions of the heavenly bodies at certain 
times. It must be remembered, however, that these bodies do 
not lie on the surface of the sphere, but that their relative positions 
only, are seen. 

Motions of the Heavenly Bodies. All celestial bodies appear 
to revolve once a day about the earth, describing circles on the 
celestial sphere. The apparent motion, both daily and annual, 
of the fixed stars are in circles parallel to the celestial equator. 
The apparent daily motion of the sun is also very nearly parallel 
to the equator. The sun's apparent yearly motion is an ellipse 
and inclined to the plane of the equator by an approximately 
constant angle of 23° 27'. 

Coordinates. The angular distance a body is above or below 
the equator, is its declination. This distance is measured on a 
circle passing through the poles. When north of the equator it 
is considered pZws, and when south of the equator, minus. The 
aUitiide of a body is its distance above or below the horizon, and 
it is measured on a circle passing through the zenith. As respects 
the sun, it is measured from the south clockwise, as in ordinary 
surveying, but as applied to the circumpolar stars, it is east or 
west of north. In the celestial sphere it is the angle at Z between 
the plane of the meridian and a circle passing through the zenith 
and the body. This circle is perpendicular to the horizon. 

Declination. As previously stated, the declination is the an- 
gular distance of a body above or below the equator. The 
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declination of the sun and other bodies may be found from " The 
American Ephemeris and Nautical Almanac." The values are 
given, however, for either the Greenwich or Washington merid- 
ians. The declination for Polaris is given for Washington, and 
since it changes very slowly, no apparent error will arise if it is 
considered constant for other longitudes in this country. The 
sun's declination changes more rapidly and consideration should 
be paid to the time belt. For example, when it is noon at 
Greenwich, it is 7 a.m., 6 a.m., 5 a.m., and 4 a.m., respec- 
tively at places keeping Eastern, Central, Mountain, and Pacific 
times. 

The sun appears to cross the equator when going northward in 
March, and southward in September. These points are the 
vernal and autumnal equinoxes. It takes a year for the sun to 
apparently complete its circuit in the heavens, and since the 
angular inclination of the orbit is known, if the time or position 
of the sun in its circuit is also known, its angular inclination 
above the equator (or declination) may be computed. 

Refraction. On account of the fact that rays of light coming 
to the earth from exterior bodies are refracted downward, such 
bodies appear higher than they really are. The value of the 
refraction is zero for points immediately above a person and 
increases toward the horizon. 

When the altitude of a body is measured, the refraction cor- 
rection as found in Table IV is substituted. In using the solar 
attachment, the refraction is added since we have the theoretic 
quantities, and wish to find the position of the real sun. The size 
of the correction depends upon the sun's hour angle, and the lati- 
tude of the place, and is given in Table VI. An example of its 
application will be found in Problem L3. 

Positions of Bodies for Observations. When a body is on a 
meridian its altitude is either a maximum or a minimum. Such 
a position of a body is called a cviminaUon, (Commonly called 
transit for the sun.) When at its extreme eastern or western 
position it is at an elongation. 

It may easily be proved that the altilvde of the celestial pole is 
equal to the latitude of the observer. If a star were located at the 
north pole, the latitude of the place would be the measured 
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altitude of this star, corrected for refraction. As there is no 
such star, other bodies very near the pole are used for observa- 
tions. The one generally used by the civil engineer is Polaris, 
called the North Star. A body is moving very slowly in dUitude 
when nearing culmination and this position will give the best 
determination for latitude. On the contrary, when at elonga- 
tion, the motion is rapid in altitude, but very slow in azimuth, 
and this position will be best for a determination of true north 
or azimuth. 

Problems will be given in this chapter for determinations of 
latitude by observations both on Polaris when at culmination, 
and the sun when on the meridian; and for azimuth, on Polaris 
when at elongation, and at any hour. 

Inasmuch as it often proves inconvenient to await the time 
until a body comes to culmination or elongation, observations are 
taken at some intervening time. Common observations are: 
Azimuth by observation on Polaris at any time; azimuth by 
observation on the sun when off the meridian, either directly or 
by use of the solar attachment. In these cases, it is best not to 
observe when the body is too near the horizon since the refraction 
correction is unduly large. 

Longitude. The longitude of a place is its distance east or west 
from a reference meridian. The reference meridian used is that 
of Greenwich. The measurement of the difference in longitude of 
two places, depends upon the comparison of the local times of the 
places at a certain instant of time. Longitude might be deter- 
mined by carrying a timepiece from one station to another and 
noting the time of passage of a body over each meridian. The 
difference in time, provided the watch is properly regulated, would 
give the difference in longitude in hours. Another method is by 
telegraphing the time of the meridian passage from one station to 
another. The method commonly used by the civil engineer is to 
observe the sun at equal altitudes, east and west of the meridian, 
noting the times. The mean of the two times will give the stand- 
ard time of local apparent noon. This may be reduced to local 
mean noon and compared with Western Union time. If the 
watch is correct, the difference between the local mean time of 
meridian passage and standard noon, will give the difference 
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between the local and the standard meridians or the difference in 
longitude in hours. Due to the changing declination of the sun, 
a slight correction must be applied and this is given in Problem L5. 

Time of Culmination or Elongation. If there is no concern for 
waste of time, observations may be made by following the motion 
of a body until it reaches either of these extreme positions. The 
explanation of the methods of compiUing the times at which bodies 
culminate or elongate is given in treatises on practical astronomy, 
and is beyond the province of this book. Tables have been pre- 
pared for giving these and some of them will be explained in 
the problems where this information is needed. 

Instruments Used for Observing. One of the following com- 
binations is generally used for the problems in this chapter: An 
engineer's transit with full vertical circle, prismatic eyepiece, and 
reflector for illuminating the cross-wires; an engineer's transit 
with some form of solar attachment; or a sextant with an arti- 
ficial horizon. 

Order of Problems. Since the determination of azimuth will 
probably be more often encountered by the readers of this book, 
the order of problems in this chapter will be the reverse of that 
in the title. 

PROBLEM LI. AZIMUTH BY OBSERVING POLARIS 

AT ELONGATION 

Equipment Engineer's transit with reflector, small lantern 
for illuminating the cross-wires, plumb-bob (with some method of 
making it visible), or a wooden box with a vertical slit cut in it, 
and an ordinary lantern. 

Theory. Polaris appears to revolve around the north pole 
once in approximately 23 hours and 56 minutes. When it is at 
elongation, the angle Z in Fig. 52, must be taken into account. 
The value of Z is found by use of Table X. 

Method. About 20 minutes before the time of elongation, set 
up the transit over one point in the line whose azimuth is to be 
determined. Level the instrument carefully. Set vernier A at 
zero, and slightly before the time of elongation, sight at the other 
point in the line. Unclamp the upper motion and sight at the 
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star, read the vernier and note the time. At about the same 
time after elongation again read the vernier. Take the mean of 
the two readings. Apply the value of Z in the right triangle to 



Pole dikt. 
or 

CO-D 



Z z 



Novtii 



Intersection 
Btake line with 
eelettial sphere 




South 



Fig. 52 

this mean reading, and obtain the azimuth of the line referred to 
north. 

Time of Elongation. A numerical example will be taken to 
illustrate the use of Table IX. Suppose that the time of elonga- 
tion of Polaris is required after mean noon of Feb. 18, 1916, at 
42** North Latitude and 82° West Longitude. 

The western elongation on Feb. 15, 1915, occurs at 9 h. 44.4 m. 
P.M. at 40° latitude and 90° longitude. Corrections are applied 
as follows: (See directions given with Table IX, A, B, C, D 
and E.) 



From A For 1916 up to March 1 

B For 3 days after the fifteenth 

C For 82° Longitude instead of 90* 

D For 42° Latitude instead of 40° 

E For 82° Longitude instead of 90° 



<( 



it 



ii 



tf 



+ 1.6 m. 

- 11.8 " 
-32.0 " 

- 0.32" 
+ 0.07" 



Total correction 



= - 42.45 m. 
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Applying this correction to 9h. 44.4 m. it gives approximately 
9h 01 m. P.M. as the time of the western elongation of Polaris on 
Feb. 18, 1916, at 42** north latitude and 82** west longitude. 

Azimuth of Polaris at Elongation. With data as in the preced- 
ing paragraph, the azimuth of Polaris can be found by use of 
Table X. 

The azimuth of Polaris in 1916 for latitude 42^ is 1* 32'.3 
The correction for the middle of February is — 0'.4 



The azimuth on Feb. 18 is, accordingly, V 31'.9 

Conclusion. Polaris at its western elongation is 1° 31'.9 to the 
west of North. Apply this value properly to the angle between 
Polaris and the given line, in order to find the azimuth of the line. 

After taking the sight on Polaris at elongation, the telescope 
may be depressed and a stake located some two hundred feet or 
more from the instrument. At daylight, the angle Z may be laid 
off in the proper direction from this line and the line so located 
will be in the true meridian. 
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PROBLEM L2.- AZIMUTH BY DIRECT SOLAR 

OBSERVATION 

Equipment. Engineer's transit with full vertical circle, pris- 
matic eyepiece with colored glass, and solar ephemens. 

Theory. For a solution of this problem it is necessary to 
know either the three sides of the spherical triangle SPZ in 
Fig. 53, or two sides, SP and ZP^ and the hour-angle or apparent 
time, which is the angle at P. In the solution of the first case. 




North 



Inte i 'B o c th Pn of 
stake line with 
celestial sphere 



FiQ. 53 



the three sides are obtained in the following manner: The side 
ZP is equal to the co-latitude, the latitude being taken from a 
map or being obtained from observation on Polaris at upper or 
lower culmination. The side SP is equal to the co-declination, 
which is obtained by use of the solar ephemeris, knowing the time. 
The side ZS is equal to the co-altitude, and is obtained by meas- 
uring the altitude and correcting for refraction, index error, etc. 
In the second case, the sides ZP and SP are known and the 
angle ZPS, The side ZS can be found and also the angle Z, 
Knowing the angle Z, the azimuth of the sun can be found, being 
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180^ ±Z. The first method, being the more general one, is 
given. 

Method. Set up the transit over one end of the line whose 
azimuth is desired. Level up with extreme care, using the tele* 
scope bubble, and if the vernier of the vertical circle does not 
have an attached bubble, note the index error. Set vernier A 
at zero and sight on the hub at the other end of the line. Un- 
clamp the upper motion, turn the telescope to the sun and bring 
the sun's image into the quadrant so that it appears to run 
onto both wires. Note the time to the nearest minute, and 
read the vertical and horizontal circles. Invert the telescope 
and bring the sun's image into the quadrant, where it seems to 
recede from both wires. Note the time, and read the vertical 
and horizontal circles. 

Time of making observation. To secure reliable results, the 
observation must be made when the sun is between two and four 
hours from the meridian. 

Modification. If unable to get a pair of observations on 

account of the sun being obscured, one observation is used. In 

this case, the altitude is corrected for the sun's semi-diameter 

before the reductions are made, and the computed azimuth is 

sun's semi-diameter 

then corrected by the quantity — — ; • If the 

cos. altitude 

instrument does not have a complete vertical circle, this method 

must be used. 

Calculations. Find the mean altitude and the mean plate- 
reading. Correct the apparent altitude for refraction (see 
Table IV). Knowing the time, the declination is found as 
follows: The sun's apparent declination and its hourly change 
for Greenwich mean noon are given in the Nautical Almanac. 
For any other place it may be obtained, if the longitude of the 
place and the mean time are known. 

For example, the difference of time between Greenwich and 
Philadelphia is five hours. Therefore, the declination for two 
o'clock at Philadelphia is equal to the declination for Green- 
wich mean noon on the day in question, plus 7 times the hourly 
change (if the declination is increasing). If the observations 
are made when the sun is from two to four hours from the me- 
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FORM OP 



Telescope. 


Time. 


Hor. circle. 


Vert, circle. 


Refraction. 


Direct 


9.29 
9.31 
9.30 

9.38 
9.40 
9.39 


228* 37' 20" 
230* 8' 40" 
229* 23' 00" 

230* 38' 00" 
232* 10' 00" 
232* 24' 00" 


52* 14' 00" 
53* 17' 00" 
52* 45' 30" 

53* 44' 40" 
54* 42' 50" 
54* 13' 46" 




Reversed 




Mean 


-0' 44" 


Direct 




Reversed . . ; 




Mean 


—6' 42'' ' 







Also give on the right-hand page brief computations for the 
solution of the spherical triangle. 




Suu 



ridian, the error caused by the difference between mean local 
time and standard time will be inappreciable, when an engineer's 
transit reading only to minutes is used. 

Then, having the altitude, the declination, and the latitude, 
the co-functions may be found, and finally the angle at Z, by 



use of the formula sin> ^ Z == 



sin (s — co-h) sin (s — co-L) 



, where 



sin co-^ sin co-L 

h = the true altitude, L = the latitude, and s = J (co-A -H co-L 
+ co-D), 
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NOTES 



h. 


D. 


z. 


True asimuth. 


Transit r 
fifteen uaed. 
















*i66"*65''22''" 






62" 44' 46" 


+23" 15' 18" 


57" 32' 22" 














54* 13' 03" 


+23** 16' 19" 


108" 66' 62" 


67* 31' 52" 


L-41''27' 



Finally, the azimuth of the line may be found by use of the 
angle a. This angle is the angle between the stake and the sun, 
and is measured to the right, starting from the stake. It is the 
angle recorded in the ** horizontal circle " column in the notes 
below, provided that zero was first set on the stake. 

Fig. 54 shows one position of the reference-line and sun. A 
general equation might be deduced connecting the azimuth with 
the quantities a and Z, but it is best to construct a figure for each 
problem as it arises. The data in the notes below do not conform 
to the above figure. 



PROBLEM L3. DETERMINATION OF AZIMUTH BY 
USE OF THE SOLAR ATTACHMENT. 

Equipment. Transit with solar attachment and the solar 
ephemeris, and a table of declinations and refraction corrections 
computed for a series of observations varying in time from 3 to 
10 minutes, depending upon the skill of the observer. 

Method. Set up the transit over one point of the line whose 
azimuth is to be determined. Level up carefully, using the 
long telescope bubble. Set vernier A of the horizontal plate at 
zero, and sight at the second point in the line with the upper 
motion clamped. Unclamp the upper motion, and having laid 
off the sun's apparent declination on the declination arc, and the 
co-latitude on the vertical circle, turn the alidade in azimuth 
and the attachment about its polar axis until the sun's image 
appears between the lines of the silver disk. The telescope will 
then point south, and the azimuth of the mark may be read on 
the plates. This applies to the Burt attachment. 
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If the Saegmuller attachment is used, the vertical circle of the 
main telescope must be used in laying off the declination. The 
co-latitude is laid off as with the Burt attachment (not from 
the declination reading). In the final setting of the instrument, 
the angle between the lines of sight of the small and the large 
telescope is equal to the apparent dechnation, and the main 
telescope is in the plane of the equator, the object end pointing 
south. After taking a series of six readings with the instrument 
in this position, turn the alidade 180° and set off the co-latitude 
as before. The eyepiece end is now pointing south. Take a 
series of six readings as before. The mean of the twelve readings 
will be the true azimuth of the line, the instrumental errors having 
been eliminated by the reversal. 

Fig. 55 shows the position of the Burt attachment on a transit 
and its relation to the celestial sphere. 

Computations. The declination is obtained in a manner similar 
to that given in the preceding problem. The apparent declina- 
tion is found by applying the refraction correction obtained from 
Table VI. When using the attachment, the refraction correction 
is a function of the latitude of the place, the horizontal angle, and 
the declination. 



FORM OF NOTES 



Time. 


Inst. 


Decl. 


Refr. corr. 


iS^i 


Azimuth. 


Mean azim. 


2.55 


Direct 

Direct 

Direct 

Direct 

Reversed 

Reversed 

Reversed 

Reversed 


21*43' 

'2i*'43' 
21*43' 

'21*43'' 


+0' 33" 


21*44' 

'2i*'44''' 
21*44' 

'2i*'44'' 


18*51' 










'+6' '47''' 
+0' 47" 






3.27 
3.41 


18* 50' 
161* 11' 


18* 60' 30" 












3.51 


+0' 47" 


161* 12' 20" 


161* 11' 30" 



Date, party, equipment as usual. 

L = 41** 27'. 

co-L « 48** 33'. 

Index error 0** 20'. 

Give calculations for declination. 

Mean azimuth = 18** 49' 30". 
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Fio. 65. — Graphic Illustration of the Solar Apparatus 
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PROBLEM L4. AZIMUTH BY POLARIS AT ANY HOUR 

Equipment. Engineer's transit with reflector, small lantern 
for illuminating the cross-wires, plumb-bob with some method 
of making it visible, or a wooden box with a vertical slit cut in 
it and an ordinary lantern. 

Theory. By solving an oblique spherical triangle. The deter- 
mination of azimuth by an observation on Polaris at any hour 

involves, 1st, reading the angle 
between the star and a mark 
used as a point of reference 
several times and noting the 
time of each observation; 2d, 
the solution of an oblique 
spherical triangle knowing two 
sides and an included angle. 

In the triangle SPZ the side 
PZ = the co-latitude, and the 
side PS = the co-declination. 
The angle at P = < = the hour- 
angle of the star. L which = 
the latitude of the place, is 
known (it may have been de- 
termined by observation on Polaris at either upper or lower 
culmination) and D = the declination of Polaris, is taken from 
the solar ephemeris. The angle t may be readily found, if a 
sidereal chronometer is used, by multipljdng the time by 15 to 
reduce to degrees, etc., but if a watch is used and only the right 
ascension of the sun at mean noon in Washington is known, 
then the reduction for t is more extended. 

A solution by this method requires a more extended knowledge 
of astronomy than is here given. 

Use of Tables. Tables are given in the " Manual of Surveying 
Instructions," issued by the General Land Office for finding the 
azimuth of Polaris at a certain time and place. 

Method. At any convenient time set up the transit as de- 
scribed in the preceding problem, and follow the program given 
below. Throughout the observation the lower motion is clamped. 




Fig. 56 
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The instrument is not set on zero either when sighting on the 
mark or on the star. Time will be saved by taking the observa- 
tions in the order given. 

FORM OF NOTES 



Inst. 


Time. 


Sight. 


Horiaontal angle readings. 


Ver. A. 


Ver. B. 


Mean. 


Angle. 


R 




Mark 

Mark 

Star 

Star 

Star 

Star 

Mark 

Mark 


125*'30'30" 
m" 30' 00" 
226" 40' 00" 
226* 39' 00" 

225" 38' 00" 
225" 37' 30" 
125" 2^ 30" 
126* 29' 30" 


-30' 30" 
-30' 00" 
-40' 00" 
-39' 00" 

-38' 00" 
-37' 30" 
-29' 30" 
-29' 30" 


-30' 30" 
-30' 00" 
-40' 00" 
-39' 00" 

-38' 00" 
-37' 30" 
-29' .30" 
-29' 30" 




D 






D 


9 h. 34 m. 06 s. 
9 h. 35 m. 00 s. 

9 h. 62 m. 44 s. 
9 h. 54 m. 00 s. 




D 
R 


100" 09' 15" 


R 




R 




D 




100" 08' 16" 









Find from these notes the average angle between the star and 
the mark; also the average of the four times of observation. 

From the table in the book previously referred to find the 
azimuth of Polaris at the computed time. Apply this angle to 
the angle between the star and the line and thus determine the 
azimuth of the line. 



PROBLEM L5. DETERMINATION OF LONGITUDE 

Equipment. Transit with prismatic eyepiece, or sextant with 
artificial horizon. 

Theory. One hour in time is equivalent to 15® of longitude, 
therefore, the difference in time from one meridian to the next 
multiphed by 15 will give the difference in longitude. 

There are many ways of determining longitude, — but the one 
ordinarily used by the civil engineer is to observe a star or the 
sun at equal altitudes east and west of the meridian, and compare 
the mean of the times with Western Union time. Since the 
declination of a star is constant, the mean of the times at which 
a star is at equal altitudes east and west of the meridian will be 
the time of meridian passage in hours. As the sun's declination 
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changes slightly, a correction must be applied to the mean of 
the times when the sun is observed. The equation is 

— tA /tan L tan 
=Fe = 



15 



(tan L tan D\ 
sin t tan t / 



where i = one-half the interval in hours between the two 
observations; L = the latitude of the place; D =* the sun's 
declination; and A — the hourly change in declination. 

Use — sign before e if declination is increasing, and + if 
decreasing. 

Method. Observe the body when it is about 2 to 3 hours to the 
east of the meridian, note carefully the watch time, and measure 
the altitude. Observe again when it reaches the same altitude 
(at the west of the meridian) and note the time. During the 
intervening interval, compare the watch with Western Union 
time and note its error. 

Computations. Correct the time piece for its error. Apply 
the correction equation to the time of the sun's meridian passage, 
and this will give the watch time of apparent noon. Apply the 
equation of time (found in the American Ephemeris) to the time 
of apparent noon, and obtain the watch time of local mean noon. 
This compared with Western Union time will give the difference 
in hours between the local and the standard meridians. 

PROBLEM L6. LATITUDE BY OBSERVING POLARIS 

AT CULMINATION 

Equipment. Transit with reflector, and watch which has the 
correct standard time. 

Theory. See Problem LI, and the text of this chapter. 

Method. Having computed the time of culmination, set up 
the transit about ten minutes before this time, and bisect the 
star, reading the vertical circle. Invert the telescope, correct 
the plate-levels if necessary, and again sight at the star about the 
same time after culmination. Take the mean of the two vernier 
readings. This value, corrected for refraction and for the pole 
distance of the star, will give the latitude of the place. 
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Time of Culmination. The solar time between an upper 
culmination and an elongation is db 5 h. 55 m., and that between a 
lower culmination and an elongation is d: 6 h. 3 m. Find the time 
of elongation as in Problem LI and apply the proper time in- 
terval to it to obtain the time of culmination. 

Numerical Example. Taking the same data as in Problem LI. 
The time of western elongation was found to be 9 h. 01 m. p.m. 
The time of the preceding culmination (lower culmination) was 
6 h. 03 m. earlier, viz., 2 h. 58 m. p.m. The star was invisible at 
that time, therefore, take the culmination (upper) 5 h. 55 m. later 
or at 2 h. 56 m. a.m. 

Another way to compute the time of culmination is by taking 
the time from Table IX and applying corrections as there noted. 

PROBLEM L7. DETERMINATION OF LATITUDE 
WHEN THE SUN IS ON THE MERIDIAN 

Equipment. Transit with colored eyepiece and colored glass. 

Theory. The local apparent time of the sun's transit is 12 m. 
The mean solar time, however, which is the time according to 
the motion of a fictitious sun, is different from the apparent 
time. Therefore, a correction, called the equation of time, has 
to be applied to the apparent time to give the mean solar time 
of the sun's transit. But clock time is standard time, and 
standard time varies from to 30 minutes from the mean solar 
time. Therefore, find the difference of longitude in degrees 
between the place of observation and the standard meridian 
(for which the time of the place is correct). Divide by 15, and 
apply this correction to the mean local time to get the standard 
or clock time of transit. Then, knowing the standard time of 
the sun's transit, the instrument may be set up shortly before 
this time and the altitude of the sun determined. This altitude 
corrected for refraction, index error, and semi-diameter gives 
the true altitude of the sun's center. Then 90** — altitude = 
the zenith distance, and the zenith distance dt sun's declination 
= latitude of the place. 

Method. Level the transit carefully by use of the long tele- 
scope bubble, and point at the sun so that the sun's image ap- 
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proaches the horizontal wire. Follow the sun until the watch 
(which has been set with a standard timepiece) registers within 
2 or 3 minutes of the time of culmination. Make the cross-wire 
tangent and read the circle. Reverse the telescope and relevel 
the instrument. Again point on the sun. Make the horizontal 
wire tangent and read the circle. Both readings should be taken 
as near the clock time of culmination as possible, and in no case 
more than five minutes from this time. 

Note. If a sextant and artificial horizon are used, the double 
altitude of the sun is obtained. The observation is made as 
near the exact time of culmination as possible. The index error 
should be applied to the measured angle, and the corrections for 
refraction and semi-diameter applied. 

The above method gives a fair value of the latitude and may 
be used by the engineer in the field without tedious reductions 
for circummeridian altitudes. If a more exact value is needed, 
a treatise on astronomy should be consulted. 

The notes appended were taken without regard to the mean 
local time of the sun's transit. The instrument was set up over 
one end of a line whose azimuth had been determined. The 
telescope was then pointed to the meridian, and the altitude 
of the lower limb of the sun determined to the nearest 20 seconds 
as it passed the vertical wire. The corrections were then applied 
and the latitude found. 



OBSERVATION FOR LATITUDE 



Apoarent altitude 69* 42' 20" 

Index correction 4- 0* 20' 

Sun's semi-diameter -j- 15' 51" 

Refraction correction — 0' 24" 

Declination 21* 42' 25" 

co-L 48''35'22" 

L 41" 24' 38" 



Index error=0'* 20'. 
L^gO"- (A-f /+8emi-dia.-r-D). 



CHAPTER XIV 

LARGE SURVEYS 

The instruments and methods to be used in making a certain 
survey will depend largely upon the value of the land and the 
particular object of the survey. If it is a question of the location 
of the lines between tracts owned by different parties, more care 
must be taken than is ordinarily the case. No absolute state- 
ment can be made as to the particular method which is best for 
any survey. Descriptions of the methods of making three dif- 
ferent classes of surve3rB are given in the problems of this chapter. 
It is believed that from the suggestions given, modifications can 
be made to suit the particular need. 

PROBLEM Ml. FARM SURVEY 

Equipment. Transit, two range poles, steel and cloth tapes, 
set of marking pins, hatchet, stakes and tacks. 

Problem. To make the survey of a farm. Assumed that the 
comers of the farm are knovMy and that the area and a plot are 
desired. 

Method. Place two stakes on or along a boundary line so that 
they are intervisible. Set up over the second stake and find the 
magnetic bearing of the line and its length. Assiune (provided 
no special objection exists), that this bearing is correct. Set a 
forward stake at or near another comer of the field. Measinre 
the angle (either deflection or interior as previously decided) to the 
forward point and compute the bearing of the line between the 
stations. Observe the magnetic bearing of the line as a check 
on the computed bearing. Measure the distance between the 
successive stations. At each station take angles and distances 
to property comers and to other points desired, such as buildings, 
etc. 

As shown in the accompanying illustration, the transit line 
is sometimes run inside the property line and again outside. If 
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thought advisable, buildings may be located as there shown by a 
plus along the transit line, and an offset from this line. 

The accuracy of the work depends upon the care taken in 
chaining and in measuring the angles, provided the instrument ia 
carefully set up, centered, and leveled. In this connection, the 
following points may be observed. A check on the angular work 
may be had by doubling all important angles, always reading the 
first angle before doubling. The measurement obtained by 
chaining may be checked by finding the intercept on a range 
pole or a stadia rod. In case the boundary line is irregular, offsets 
from the transit line are taken at frequent intervals. These 
offsets are taken at right angles to the transit line, the interval 
between successive offsets depending upon the regularity of the 
boundary-line in question. A doth tape' is used in measuring 
these offsets. 

Property Survey, If it is possible to nm the traverse line on 
the boundary-lines themselves, the bearings and lengths of 
courses will be given directly, If, however, the traverse line does 
not form the boundary-line of the farm, then the description can 
be written only after the traverse is balanced, and the line com- 
puted by trigonometric methods. In all cases enough data must 
be taken to give a solution. 

Computations. Compute the latitudes and departures as 
described in Problem J2. Find the error of closure. Balance 
the survey according to the proper rule, and find the corrected 
bearings and lengths of the courses. Finally, find the double 
meridian distances and the double area. 

Notes. Notes may be a combination of tabular form and 
sketch. See accompanying form for illustration. 
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PROBLEM M2. SURVEY OF A PORTION OF A CITY 

OR TOWN 

Equipment. Transit, two range poles, steel tape, set of mark- 
ing pins, hatchet, stakes, tacks and naib. 

Problem. To survey a 'portion of a city or tovm. 

Method. The main transit line is chosen, so that it has some 
definite relation to the property lines. The main line angles 
should be doubled and the distances should be measured twice. 
The bearings of the courses should also be taken. All necessary 
sights to side points should be taken at each station. 

After the main outline of the area has been covered, the in- 
terior streets may be located by traverse lines and by tying in 
additional points. 

It is recommended that both the tabular form and the sketch 
extend from bottom to top of the page, so that points on the right- 
hand side of the transit line on the ground will appear on the 
right-hand side of the center line in the book. 

The form of notes illustrates the three parts of the work: 
The main line; the interior locations; and tying in. 

Checks on the Work. Calculate the bearings of the main line 
courses, starting with a course whose bearing is reliable. It is to 
be remembered that in certain locations magnetic bearings are 
practically useless on account of local attractions. After com- 
pletion of the main survey, sum the interior angles, and if the 
angular error of closure is reasonable, compute the latitudes and 
departures of the courses, balance the survey, and find the area. 
The work of finding the area has previously been described in 
Problem J2, and that of plotting in Problem K5. 
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PROBLEM M3. STADIA. SURVEY OF A~LARGE AREA 

Equipment Engineer's transit, two stadia rods, cloth tape, 
hatchet, stakes and nails. 

Problem. To make a survey of an area by the trariait arid 
stadia. 

Method. General. If the area be large, a triangulation sys- 
tem may well be used as a framework for traverses to be run 
between the triangulation stations in order to fill in the details. 
For smaller areas, ordinary traverses may be used, without a 
triangulation system. An endeavor should be made to have 
the circuits close in all cases. 

Detailed Directions, Where a survey is so large that it seems 
desirable to use a triangulation system, the student is referred 
to more extended books on this subject for details of the work. 

For smaller areas, the method recommended for running the 
traverses is similar to that given in Problem E2. In all cases, the 
main line stations are located before sights are taken at side 
points. 

In locating contour points, two methods are pursued: First, 
where sights are taken controlling governing points without 
regard to their elevations; and second, where points are taken 
which are approximately in a certain contour. Unless the slope 
is unduly steep, vertical angles /nay be omitted on points whose 
elevations are not wanted. 

The illustration given with this problem may well be studied. 
It represents part of an actual survey. 

Reductions and Plotting. For the method of reducing the 
notes and locating the contours, see pages 158 and 159 and 
Problem K6. 
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TABLE I. 

ELEVATIONS CORREgPONDINO TO BAROMETRIC READINOS.* 



n Appendix 10, Report of V. 3. Cout and Owdetia Survi 
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TABLE n. 

REDUCnOW OF UERCURIAL COLUMN TO 32* P.* 



^ 


Inches. 


i 

89 

m 


36 

'.o4 
:i 

.071 

ios 
.085 
.087 
.08 

!09 
.DBS 
. 9 

! 
. a 

. 
'. 24 

. as 

. « 

1 


38.S 

'.04 

S 

.096 
.05B 

■si 

:oas 

i 

.08 

1 
"1 


37 

i 
1 

!o6g 

SI 

!078 

a 

!dbs 

■si 
■i 

'. a 

;i 

ii 


37.S 

i 
1 

:oa 

1 

: OS 
:i3i 


ill 

i 
i 

'. 41 

; 53 


3S.5 

-.042 
.04i 

1 
:S 

.OQS 

s 
i 

;] 

is 

■i 


1 
:o& 

!o7 
:o8; 
:oo; 

i| 

i 
■1 

:| 

! « 

. 4i 
! 59 


:o4i 

.041 

1 
1 

'. 2 

'. 3 
. 3 

! 4 

. 51 

, 5 

IfiB 


1 

i 
1 

: 8- 
: e 

. 95 
. 9J 



ii 

. 3S 
. 3 

'. 4 
. 5. 

: 64 


!os; 

:l 

J 
■| 

1 
1 

ji 

: 31 

i 

i 


^1 
i 
i 
1 
1 
1 
Ii 

i 

1 



•CompBad from R. S. Williamson's "Usa olttn Banii 
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TABLE III. 

CORRECTION COEFFICIENTS TO BAROMETRIC ELEVATIONS 
FOR TEMPERATURE AND HUMIDITY.* 



t+e. 


C. 


Diff. 

for 
1° 


t+e. 


c. 


Diff. 
for 
1». 


t+e. 


C. 


DifiF. 
for 
1°. 


0° 
10° 
20° 
30° 
40 
50° 
60° 


-0.1026 

- .0916 

- .0806 

- .0698 

- .0592 

- .0486 

- .0380 


10.9 
10.9 
10.8 
10.6 
10.6 
10.6 


60° 

70° 

80« 

90° 

100° 

110° 

120° 


-0.0380 

- .0273 

- .0166 

- .0058 
+ .0049 
+ .0156 
+ .0262 


10.7 
10.7 
10.8 
10.7 
10.7 
10.6 


120° 

130° 

140° 

150 

160° 

170° 

180° 


■4-0.0262 
+ .0368 
+ .0472 
+ .0575 
+ .0677 
+ .0779 
+ .0879 


10.6 
10.4 
10.3 
10.2 
10.2 
10.0 



* Compiled from Tables I and IV, Report of U. S. Coast and Geodetic 
Survey for 1881. 

TABLE IV. 

MEAN REFRACTIONS (Bessbl). 

TRtTB POR Barometer at 30"; Temperature 50° P. 



Alt. 


Refr. 


Alt. 


Refr. 


Alt. 


Refr. 


Alt. 


Refr. 


0°00' 


34' 54" 


6° 30' 


7' 54" 


15° 00' 


3' 34' 


27° 00' 


1' 54" 


30 


29 19 


7 00 


7 24 


16 00 


3 20 


28 00 


1 49 


1 00 


24 38 


7 30 


6 57 


17 00 


3 08 


29 00 


1 45 


1 30 


20 51 


8 00 


6 33 


18 00 


2 57 


30 00 


1 41 


2 00 


18 19 


8 30 


6 12 


19 00 


2 48 


35 00 


1 23 


2 30 


16 00 


9 00 


5 53 


20 00 


2 39 


40 00 


1 09 


3 00 


14 22 


9 30 


5 35 


21 00 


2 31 


45 00 


58 


3 30 


12 48 


10 00 


5 19 


22 00 


2 23 


50 00 


49 


4 00 


11 45 


11 00 


4 51 


23 00 


2 16 


60 00 


34 


4 30 


10 40 


12 00 


4 27 


24 00 


2 10 


70 00 


21 


5 00 


9 52 


13 00 


4 07 


25 00 


2 04 


80 00 


10 


5 30 


9 07 


14 00 


3 49 


26 00 


1 59 


90 00 





6 00 


8 28 















TABLE V. 

ERRORS IN AZIMUTH FOR ONE MINUTE ERROR IN 
DECLINATION OR LATITUDE. 



No. of 

Hours 

from 


For One Minute Error in 


For One Minute Error in 


Declination. 




Ijatitude. 
















Noon. 


lAt. 30°. 


Lat. 40°. 


Lat. 50°. 


Lat. 30°. 


Lat. 40°. 


Lat. 50°. 


h. m. 


Min. 


Min. 


Min. 


Min. 


Min. 


Min. 


30 


8.85 


10.00 


12.90 


8.77 


9.92 


11.80 


1 00 


4.46 


5.05 


6.01 


4.33 


4.87 


6.80 


2 00 


2.31 


2.61 


3.11 


2.00 


2.26 


2.70 


3 00 


1.63 


1.85 


2.20 


1.15 


1.30 


1.66 


4 00 


1.34 


1.51 


1.80 


0.67 


0.75 


0.90 


5 00 


1.20 


1.35 


1.61 


0.31 


0.35 


0.37 


6 00 


1.16 


1.30 


1.56 


0.00 


0.00 


0.00 



' 



LARGE SURVEYS 



189 



TABLE VI. 

REFRACTIONS IN TERMS OF LATITUDE. HOUR-ANGLE. AND 

SUN'S DECLINATION. 



A Tablb of Mban Rbfractions in Dsclination to bb Used with thb 

Solar Attachment. 

Apply to the Declination as Found in the Ephemeris. 



Declinations. 



For Latitude 20*. 



+ 20« 



0" 
03 
06 
17 
39 



+ 15» 


+ 10° 


+ 5° 


0° 


-5° 


-10° 


-15° 


05" 


10" 


15" 


21" 


27" 


33" 


40" 


07 


13 


18 


24 


30 


36 


44 


13 


18 


24 


30 


36 


44 


52 


22 


28 


35 


42 


60 


I'OO 


1' 11 


47 


57 


r 07 


1'20 


1'37 


2 00 


2 32 



20« 



48" 

52 

1'02 

1 26 

3 25 



For Latitude 30°. 



Oh 


ID' 


15" 


21" 


27" 


33" 


40" 


48" 


57' 


1' 08" 


2 


14 


19 


25 


31 


38 


46 


54 


1'05 


1 18 


3 


20 


26 


32 


39 


47 


55 


r 06 


1 19 


1 36 


4 


32 


39 


46 


52 


1'06 


1' 19 


1 35 


1 57 


2 29 


5 


roo 


V 10 


1'24 


1'52 


2 07 


2 44 


3 46 


5 43 


13 06 



For Latitude 40°. 



h 


21" 


27" 


33" 


40" 


48" 


57" 


1' 08" 


1' 21" 


r 39" 


2 


25 


32 


39 


46 


52 


V 06 


1 19 


1 35 


1 67 


3 


33 


40 


48 


57 


1'08 


1 21 


1 38 


2 02 


2 36 


4 


47 


55 


V 06 


V 19 


1 36 


1 58 


2 30 


3 21 


4 69 


5 


V 15 


r 31 


1 51 


2 23 


3 05 


4 25 


7 34 


25 18 





For latitude 50° 



h 

2 

3 

4 
5 



33" 


40" 


48" 


57" 


1' 08" 


V 21" 


r39" 


2' 02" 


38 


46 


55 


1'06 


1 18 


1 35 


1 57 


2 2S 


47 


56 


V 06 


1 19 


1 36 


2 29 


2 31 


3 23 


ro2 


r 14 


1 29 


1 48 


2 16 


2 58 


4 18 


6 59 


1 30 


1 51 


2 19 


3 04 


4 22 


7 28 


24 10 


f 



2^36" 
3 19 
5 02 
19 47 











For Latitude 60°. 








h 


48" 


57" 


1' 08" 


V 21" 


1' 39" 


2' 02" 


2' 36" 


3' 33" 


5' 23" 


2 


54 


ro4 


1 17 


1 33 


1 54 


2 24 


3 12 


4 38 


8 15 


3 


r 03 


1 15 


1 30 


1 51 


2 20 


3 04 


4 24 


7 31 


24 44 


A 


1 18 


1 34 


1 56 


2 28 


3 18 


4 50 


8 53 






6 


1 45 


2 11 


2 50 


3 57 


6 21 


15 32 









SURVEYING MANUAL 
TABLE VII. 



D pnation tlu ncadla 



Baptsml 
Latiti 



AprU, May; 
;ude 37° to 49*. 
,ude 35° tQ 37°, 

.^uli ST 

[tuJe M' 

Dber.Oatob«T,Noveinber : 
itode 37" ■- '"" 



Latltuda 35° to 37*. . 



Local Mesa Tims: Hornins Bonn. 



0.6 W 
S.8W 



Local Mean Time: Aftornoon Houn. 



L h. I 2 h. 
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Table VIII. 



BEDUCTION OF STADIA READINGS 



TO 



HORIZONTAL DISTANCES 



AND TO 



DIFFERENCES OF ELEVATION. 



This table was computed by Professor Arthur Winslow, 
State Geologist of Missouri. 
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SURVEYING MANUAL 



TABLE VIII. 

STADIA RBDUCTIONS FOR READING 100. 





0' 


» 


1 





2 


B 


3 





Minutes. 


















Hor. 


Diflf. 


Hor. 


Diff. 


Hor. 


Diflf. 


Hor. 


Diflf. 




Dist. 


Elev. 


Dist. 


Elev. 


Dist. 


Elev. 


Dist. 


Elev. 


C 


100.00 


.00 


99.97 


1.74 


99.88 


3.49 


99.73 


6.23 


2 


»* 


.06 


it 


1.80 


99.87 


3.55 


99.73 


6.28 


4 


it 


.12 


(4 


1.S6 


tt 


3.60 


99.71 


5.34 


6 


t« 


.17 


99.96 


1.92 


t* 


3.66 


tt 


5.40 


8 


*( 


.23 


t» 


1.98 


99.86 


8.72 


99.70 


5.46 


10 


«( 


.29 


tt 


2.04 


tt 


3.78 


99.69 


6.52 


12 


it 


.36 


tt 


2.09 


99.85 


8.84 


tt 


6.67 


14 


t( 


.41 


99.95 


2.15 


tt' 


8.90 


99.68 


5.63 


16 


«* 


.47 


tt 


2.21 


99.84 


8.95 


it 


6.69 


18 


M 


.62 


tt 


2.27 


tt 


4.01 


99.67 


5.75 


SO 


(t 


.68 


tt 


2.33 


99.83 


4.07 


99.66 


6.80 


22 


«l 


.64 


99.94 


2.88 


tt 


4.13 


tt 


5.86 


84 


(« 


.70 


tt 


2.44 


99.82 


4.18 


99.65 


5.92 


26 


99.99 


.76 


tt 


2.50 


tt . 


4.24 


99.64 


6.98 


28 


*t 


.81 


99.93 


2.56 


99.81 


4.30 


99.63 


6.04 


80 


t( 


.87 


tt 


2.62 


tt 


4.36 


tt 


6.09 


83 


tt 


.93 


tt 


2.67 


99.80 


4.42 


99.62 


6.15 


84 


M 


.99 


it 


2.73 


tt 


4.48 


it 


6.21 


36 


tt 


1.05 


99.92 


2.79 


99.79 


4.53 


99.61 


6.27 


38 


tt 


1.11 


tt 


2.85 


tt 


4.59 


99.60 


6.33 


40 


tt 


1.16 


tt 


2.91 


99.78 


4.65 


99.69 


6.38 


42 


tt 


1.22 


99.91 


2.97 


tt 


4.71 


tt 


6.44 


44 


99.96 


1.28 


tt 


8.02 


99.77 


4.76 


99.58 


6.50 


46 


it 


1.34 


99.90 


8.08 


tt 


4.8-2 


99.67 


6.66 


48 


tt 


1.40 


tt 


3.14 


99.76 


4.88 


99.56 


6.61 


50 


t* 


1.45 


tt 


8.20 


tt 


4.94 


It 


6.67 


52 


It 


1.61 


99.89 


8.26 


99.75 


4.99 


99.66 


6.73 


64 


tt 


1.67 


»t 


3.31 


99.74 


5.05 


99.54 


6.78 


56 


99.97 


1.63 


tt 


3.37 


it 


6.11 


90.53 


6.84 


58 


ti 


1.69 


99.88 


3.43 


99.73 


6.17 


99.52 


6.90 


60 


tt 


1.74 


tt 


3.49 


tt 


5.23 


99.51 


6.96 


c-(-/= .75 


.75 


.01 


.75 


.02 


.75 


.03 


.75 


.05 


c--/= 1.00 


1.00 


.01 


1.00 


.03 


1.00 


.04 


1.00 


.06 


c4-/=1.25 


1.25 


.02 


1.26 


08 


1.25 


.06 


1.25 


.08 
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TABLE VIII. 

flPTADIA REDUCTIONS FOR READING 100. 





4 


• 


5 


O 


6 





7 


o 


Minutes. 


















CABmKA va v^^w* 


Hor. 


Diflf. 


Hor. 


Diflf. 


Hor. 


Diflf. 


Hor. 


Diflf. 




Dist. 


Elev. 


Dist. 


Elev. 


Dist. 


Elev. 


Dist. 


Elev. 





90.51 


6.96 


99.24 


8.68 


98.91 


10.40 


98.51 


18.10 


8 


(t 


7.02 


99.23 


8.74 


98.90 


10.45 


98.50 


12.15 


4 


09.50 


7.07 


99.22 


8.80 


68.88 


10.51 


98.48 


12.21 


« 


99.49 


7.13 


99.21 


8.85 


98.87 


10.57 


88.47 


12.26 


8 


99.48 


7.19 


99.20 


8.91 


98.86 


10 02 


98.46 


12.32 


10 


99.47 


7.25 


99.19 


8.97 


98.85 


10.68 


98.44 


18.88 


18 


99.46 


7.80 


99.18 


9.03 


98.83 


10.74 


96.43 


12.43 


14 


t* 


7.36 


99.17 


9.08 


98.82 


10.79 


98.41 


12.49 


16 


99.45 


7.42 


99.16 


9.14 


98.81 


10.85 


98.40 


12.55 


18 


99.44 


7.48 


99.15 


9.20 


98.80 


10.91 


98.39 


12.60 


80 


99.43 


7.53 


99.14 


9.25 


98.78 


10.96 


98.37 


12.66 


28 


99.48 


7.59 


99.13 


9.81 


98.77 


11.02 


98.36 


12.72 


84 


99.41 


7.65 


99.11 


9.37 


98.76 


11.06 


98.34 


12.77 


86 


99.40 


7.71 


99.10 


9.43 


98.74 


11.13 


98.33 


12.88 


88 


99.39 


7.76 


99.09 


9.48 


98.73 


11.19 


98.31 


12.88 


80 


99.88 


7.82 


99.06 


9.54 


98.78 


11.25 


98.29 


12.94 


88 


99.88 


7.88 


99.07 


9.60 


98.71 


11.30 


98.28 


13.00 


84 


99.87 


7.94 


99.06 


9.65 


98.69 


11.86 


98.27 


13.05 


86 


99.86 


7.99 


99.05 


9.71 


98.68 


11.42 


98.25 


18.11 


88 


99.35 


8.05 


99.04 


9.Tr 


98.67 


11.47 


98.24 


13.17 


40 


99.84 


8.11 


99.03 


9.83 


98.65 


11.53 


98.22 


13.22 


48 


99.88 


8.17 


99.01 


9.88 


98.64 


11.59 


98.20 


13.28 


44 


99.88 


8.22 


99.00 


9.94 


98.63 


11.64 


98.19 


18.33 


46 


99.81 


8.28 


98.99 


10.00 


98.61 


11.70 


98.17 


13.39 


48 


99.30 


8.34 


98.96 


10.05^ 


98.60 


11.76 


98.16 


13.45 


60 


99.89 


8.40 


98.97 


10.11 


98.58 


11.81 


98.14 


13.50 


68 


99.28 


8.45 


98.96 


10.17 


98.57 


11.87 


98.13 


18.56 


54 


99.27 


8.51 


98.94 


10.22 


98 56 


11.93 


98.11 


13.61 


66 


99.26 


8.57 


98.93 


10.28 


98.54 


11.98 


98.10 


13.67 


68 


99.25 


8.63 


98.92 


10.34 


98.53 


12.04 


98.08 


18.73 


60 


99 24 


8.68 


98.91 


10.40 


98.51 


12.10 


98.06 


13.78 


c+/= .76 


.75 


.06 


.75 


.07 


.75 


.06 


.74 


.10 


c--/==100 


1.00 


.08 


.99 


.09 


.99 


.11 


.99 


.13 


c4-/=1.8B 


1.86 


.10 


1.84 


.11 


1.84 


.14 


1.84 


.16 
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SURVEYING MANUAL 



TABLE Vm. 

8TADIA BBDUCTIONS FOR RBADINO 100. 





8 


o 


9 


• 


10* 


11' 


Minutes. 


















Hor. 


Diff. 


Hor. 


Diff. 


Hor. 


Diff. 


Hor. 


Diff. 




Dist. 


Elev. 


Dist. 


ElOT. 


Dist. 
96.98 


Elev. 


Dist. 


Elev. 


(K 


98.06 


18.78 


97.55 


15.45 


17.10 


96.36 


18.78 


2 


98.05 


13.84 


97.53 


15.51 


96.96 


17.16 


96 84 


18.78 


4 


96.08 


13.89 


97.68 


15.56 


96.94 


17.21 


96.38 


18.84 


6 


98.01 


13.9.5 


97.50 


15.62 


96.98 


17.86 


96.29 


18.89 


8 


96.00 


14.01 


97.48 


15.67 


96.90 


17.88 


96.87 


18.95 


10 


97.98 


14.06 


97.46 


15.73 


96.88 


17.37 


96.85 


19.00 


18 


97.97 


14.18 


97.44 


15.78 


96.86 


17.48 


96.88 


19.05 


14 


97.95 


14.17 


97.43 


15.84 


96.84 


17.48 


96.21 


19.11 


10 


97.93 


14.83 


97.41 


15.89 


96.82 


17.54 


96.18 


19.16 


18 


97.93 


14.88 


97.39 


15.95 


96.80 


17.59 


96.16 


19.81 


ao 


97.90 


14.84 


97.37 


16.00 


96.78 


17.65 


96.14 


19.87 


9S 


97.88 


14.40 


97.35 


16.06 


96.76 


17.70 


96.18 


19.88 


34 


97.87 


14.45 


97.33 


16.11 


96.74 


17.76 


96.09 


19.88 


86 


97.86 


14.51 


97.31 


16.17 


96.72 


17.81 


96.07 


19.43 


88 


97.88 


14.56 


97.29 


16.82 


96.70 


17.86 


9G.05 


19.48 


80 


97.84 


14.68 


97.88 


16.28 


96.68 


17.98 


96.03 


19.54 


88 


97.80 


14.67 


97.86 


16.33 


96.66 


17.97 


96.00 


19.50 


84 


97.78 


14.73 


97.84 


16.89 


96.64 


18.08 


95 »3 


19.64 


86 


97.76 


14.79 


97.28 


16.44 


96.62 


18.06 


95.96 


19.70 


88 


97.75 


14.84 


97.20 


16.50 


96.60 


18.14 


95.93 


19.76 


40 


97.73 


14.90 


97.18 


16.55 


96.57 


18.19 


95.91 


19.80 


48 


97.71 


14.96 


97.16 


16.61 


96.55 


18.84 


95.80 


19.86 


44 


97.69 


15.01 


97.14 


16.66 


96.53 


18.30 


95.86 


19.9! 


46 


97.68 


15.06 


97.12 


16.78 


96.51 


18.35 


95.84 


19.96 


48 


97.66 


15.18 


97.10 


16.77 


96.49 


18.41 


95.88 


80.08 


60 


97.64 


15.17 


97.08 


16.83 


96.47 


18.46 


95.79 


80.0t 


58 


97.68 


15.83 


97.06 


16.88 


96.45 


18.51 


95.77 


80.18 


54 


97.61 


15.88 


97.04 


16.94 


96.42 


18.57 


95.75 


80.18 


66 


97.59 


15.84 


97.02 


16.99 


96.40 


18.68 


95.78 


80.28 


58 


97.57 


15.40 


97.00 


17.05 


96.38 


18.68 


95.70 


80.88 


60 


97.55 


15.46 


96.98 


17.10 


96.36 


18.73 


95.68 


80.84 


c- 


h/= .75 


.74 


.11 


.74 


.12 


.74 


.14 


.78 


.15 


c- 


-/=i.oo 


.99 


.15 


.99 


.16 


.98 


.18 


.96 


.90 


c- 


h/=1.85 


1.88 


.18 


1.88 


.81 


1.88 


.83 


1.88 


.86 
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TABLE VIII. 

STADIA BBDUCTIONS FOR RBADIKG 100. 





12** 


18^ 


14' 


w 


Minutes 


















^M^m^M*M9^J^9* 


Hor. 


Diff. 


Hor. 


Diff. 


Hor. 


Diff. 


Hor. 


Diff. 




Dist. 


Elev. 


Dist. 


Eiev. 


Dist. 


Elev. 


Dist. 


Elev. 


(y 


95.68 


80.34 


94.94 


21.92 


94.15 


23.47 


93.30 


85.00 


2 


95.65 


80.39 


94.91 


21.97 


94.18 


83.58 


98.27 


85.05 


4 


85.63 


80.44 


94.89 


22.02 


94.09 


83.58 


93.84 


86.10 


6 


95.61 


80.50 


94.86 


22.08 


94 07 


83.63 


93.81 


85.15 


8 


95*58 


80.55 


94.84 


22.13 


94 04 


83.68 


93.18 


85.20 


10 


95.56 


80.60 


94.81 


22.18 


94.01 


88.78 


93.16 


85.85 


12 


06.53 


20.J6 


94.79 


28.23 


93 98 


28.78 


93.13 


85.30 


14 


C5.51 


80.71 


94.76 


22.28 


93.95 


83.88 


93.10 


25.36 


16 


95.49 


80.76 


94.73 


22.34 


93.93 


23.88 


93.07 


25.40 


18 


95.46 


20.81 


94.71 


22.39 


93.90 


83.98 


93.04 


25.45 


ao 


95.44 


80.87 


94.68 


22.44 


98.87 


88.99 


93.01 


25.60 


28 


95.41 


80.98 


94.66 


22.49 


98.84 


24.04 


98.96 


25.56 


S4 


96.89 


80.97 


94.63 


22.54 


93.81 


84.00 


98.95 


25.60 


26 


05.86 


81.08 


94.60 


2i.60 


93.79 


24.14 


98.98 


25.65 


28 


95.34 


81.06 


94.58 


22.65 


93.76 


84.19 


92.89 


25.70 


ao 


95.32 


81.13 


94.56 


22.70 


98.78 


24.24 


92.86 


25.75 


88 


95.89 


21.18 


94.58 


22.75 


93.70 


84.20 


92 88 


25.80 


84 


95.87 


81.!^4 


94.50 


28.80 


93.67 


24.34 


92.80 


25.85 


86 


95.84 


81.89 


94.47 


82.85 


93.65 


24.30 


92.77 


25.90 


88 


95.88 


21 34 


94.44 


82.91 


93.62 


84.44 


92.74 


25.96 


40 


95.19 


21.39 


94.48 


88.96 


98.59 


84.49 


92.71 


26.00 


42 


96.17 


21.45 


94.89 


83.01 


98.56 


84.55 


92 68 


26.05 


44 


95.14 


21.50 


94.86 


83.06 


93.53 


84.60 


92.65 


26.10 


46 


95.18 


21.55 


94.34 


23.11 


93.50 


24.65 


92.68 


26.15 


48 


95.09 


21.60 


94.81 


23.16 


93.47 


24.70 


92.59 


26.20 


60 


95.07 


21.66 


94.88 


23.22 


93.45 


84.75 


92.56 


86.86 


58 


96.04 


21.71 


94.86 


28.27 


93.42 


24.80 


92.58 


86.30 


64 


96.08 


21.76 


94.88 


28.32 


93.89 


24.85 


92.49 


86.35 


66 


94.99 


21.81 


94.80 


28.37 


93.36 


24.90 


92.46 


86.40 


68 


94.97 


21.87 


94.17 


23.48 


93.83 


24.95 


92.48 


86.45 


60 


94.94 


21.92 


04.15 


23.47 


93.30 


25.00 


92.40 


86.60 


c + /= .76 


.73 


.16 


.78 


.17 


.73 


.19 


.78 


.80 


c+/=1.00 
c+/=1.85 


.98 


.28 


.97 


.23 


.97 


.25 


.96 


.87 


1.88 


.87 


1.81 


.89 


1.81 


.81 


1.80 


.84 
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TABLE Vm. 

BTADIA REDUCTIONS FOR READING 100. 





16* 


17* 


18* 


19* 


Minutes. 


















X«AAKA VS VVnfO* 


Hor. 


Diflf. 


Hor. 


Diff. 


Hor. 


Diff. 


H.ir. 


Diff. 




UiHt. 


Kiev. 


DiBt. 


Elev. 


Dist. 


Elev. 


Di8t. 


Elev. 


(y 


92.40 


26.50 


91.45 


27.96 


90.45 


29.39 


89.40 


80.78 


2 


92.87 


26.55 


91.42 


28.01 


90.42 


29.44 


89 36 


80.83 


4 


92.34 


26.59 


91.39 


28.06 


90.38 


29.48 


89.33 


80.87 


6 


92.31 


26.64 


91.35 


28.10 


90.35 


29.53 


89.29 


80.92 


8 


92.28 


26.69 


91.32 


28.15 


90.81 


29.58 


89.26 


80.97 


10 


92.25 


26.74 


91.29 


28.20 


90.28 


29.62 


89.22 


81.01 


18 


92.22 


26.79 


91.i>6 


28.25 


90.24 


29.67 


89.18 


81.06 


14 


92.19 


26 84 


91.22 


28.30 


90.21 


29.72 


89.15 


81.10 


16 


92.15 


26.89 


91.19 


28.34 


90.18 


29.76 


89 11 


31.15 


18 


92.12 


26.94 


91.16 


28.39 


90.14 


29.81 


89.08 


31.19 


20 


92.09 


26.99 


91.12 


28.44 


90.11 


29.86 


89.04 


31.24 


22 


92.06 


27.04 


91.09 


28.49 


90.07 


29.90 


89.00 


31.28 


24 


92.03 


27.09 


91.06 


28.54 


90.04 


29.05 


88.96 


31.38 


26 


92.00 


27.13 


91. OJ 


28.58 


90.00 


30.00 


88.98 


31.88 


28 


91.97 


27.18 


90.99 


28.63 


89.97 


30.04 


88.89 


31.42 


30 


91.93 


27.23 


90.96 


28.68 


89.93 


80.09 


88.86 


81.47 


32 


91.90 


27.28 


90.92 


28.73 


89.90 


80.14 


88.82 


81.51 


34 


91.87 


27.33 


90.89 


28.77 


89.86 


30.19 


88.78 


31.66 


36 


91.84 


27.38 


90.86 


28.82 


89.83 


80.23 


88.75 


31.60 


38 


91.81 


27.43 


90.82 


28.87 


89.79 


80.28 


88.71 


31.66 


40 


91.77 


27.48 


90.79 


28.92 


89.76 


80.32 


88.67 


81.69 


42 


91.74 


27.52 


90.76 


28.96 


89.72 


30.37 


88.64 


81.74 


44 


91.71 


27.57 


90.72 


29.01 


89.69 


80.41 


88.60 


81.78 


46 


91.68 


27.62 


90.69 


29.06 


89.65 


30.46 


88.56 


31.83 


48 


91.65 


27.67 


90.66 


29.11 


89.61 


80.51 


88.53 


81.87 


50 


91.61 


27.72 


90.62 


29.15 


89.68 


80.55 


88.49 


81.92 


S2 


91.58 


27.77 


90.59 


29.20 


89.64 


80.60 


88.45 


31.96 


54 


91.55 


27.81 


90.55 


29.25 


89.51 


80.65 


88.41 


32.01 


56 


91.52 


27.86 


90.52 


29.30 


89.47 


80.69 


88.38 


82.05 


58 


91.48 


27.91 


90.48 


29.34 


89.44 


80.74 


88.34 


32.09 


60 


91.45 


27.96 


90.45 


29.39 


89.40 


30.78 


88.30 


82.14 


c + /= .75 


.72 


.21 


.72 


.23 


.71 


.24 


.71 


.26 


c + /=1.00 


.96 


.28 


.95 


.30 


.95 


.32 


.94 


.88 


c+/=l 85 


1.20 


.86 


1.19 


.38 


1.19 


.40 


1.18 


.48 



LARGE SURVEYS 



197 



TABLE VIII. 

STADIA BEDTJCTIONS FOB RBADINO 100. 





20*' 


2r 


22" 


23° 


Minutes. 


















A^M, KU %M V^^tS* 


Hor. 


Diff. 


Hon 


Diff. 


Hor. 


Diff. 


Hor. 


Diff. 




Dist. 


Elev. 


Dist. 


Elev. 


Dist. 


Elev. 


Dist. 


Elev. 


(K 


88.S0 


83.14 


87.16 


as. 46 


85.97 


34.73 


84.73 


35.97 


3 


88.26 


32.18 


87.12 


33.50 


85.93 


34.77 


84.69 


36.01 


4 


68.23 


32.23 


87.08 


33.54 


85.89 


34.82 


84.65 


36.05 





88.19 


32.27 


87.04 


33.59 


85.85 


34.86 


84.61 


36.09 


8 


88.15 


32.32 


87.00 


33.63 


85.80 


34 90 


84.57 


36.13 


10 


88.11 


33.86 


86.96 


33.67 


85.76 


34.94 


84.53 


86.17 


13 


88.06 


82.41 


86.93 


83.72 


85.72 


34.98 


84.48 


36.21 


14 


88.04 


32.45 


86.88 


as. 76 


85.68 


35.02 


84.44 


36.25 


16 


88.00 


32.49 


86.84 


33.80 


85.64 


35.07 


84.40 


36.29 


18 


87.96 


82.54 


86.80 


33.84 


85.60 


35.11 


84.35 


36.33 


ao 


87.93 


32.58 


86.77 


33.89 


85.56 


35.15 


84.31 


36.37 


S2 


87.89 


32.63 


86.73 


33.93 


85.52 


85.19 


84.27 


36.41 


84 


87.85 


32.67 


86.69 


33.97 


85.48 


85.33 


84.23 


36.45 


8G 


87.81 


82.72 


86.65 


34.01 


85.44 


86.27 


84.18 


36.49 


88 


87.77 


32.76 


86.61 


84.06 


85.40 


35.31 


84.14 


36.53 


ao 


87.74 


32.80 


86.57 


34.10 


85.36 


35 36 


84.10 


36.57 


S2 


87.70 


33. SS 


86.53 


34^14 


85.31 


35.40 


84.06 


36.61 


84 


87.66 


32.89 


86.49 


34.18 


85.27 


35.44 


84.01 


36.65 


86 


87.62 


32.93 


86.45 


34.23 


65.23 


35.48 


88.97 


36.69 


88 


87.58 


32.98 


86.41 


34.27 


85.19 


35.52 


83.93 


36.73 


40 


87.54 


33.03 


86.37 


84.31 


85.15 


85.56 


83.89 


36.77 


43 


87.51 


88.07 


86.33 


34.35 


85.11 


35.60 


83.84 


36.80 


44 


87.47 


33.11 


86.29 


34.40 


85.07 


35.64 


83.80 


36.84 


46 


87.43 


33.15 


86.35 


34.44 


85.02 


35.68 


83.76 


36.88 


48 


87.39 


33.30 


86 21 


34.48 


84.98 


85.72 


83.78 


36.92 


SO 


87.35 


33.24 


86.17 


84.52 


84.94 


35.76 


83.67 


36.96 


63 


87.31 


33.28 


86.13 


84.57 


84.90 


86.80 


83.63 


37.00 


54 


87 27 


38. as 


86.09 


34.61 


84.86 


35.85 


83.59 


37.04 


56 


87.24 


33.37 


86.05 


84.65 


84.82 


35.89 


83.54 


87.06 


58 


87.-^ 


33.41 


86.01 


34.69 


84.77 


35.93 


as. 50 


37.12 


60 


87.16 


33.46 


86.97 


34.73 


84.73 


35.97 


83.46 


87.16 


cA 


[-/= .75 


.70 


.26 


.70 


.27 


.69 


.39 


.69 


.80 


e- 


-/=1.00 


.94 


.35 


.93 


.37 


.92 


.38 


.92 


.40 


e- 


-/=1.25 


1.17 


.44 


1.16 


.46 


1.15 


.48 


1.15 


.60 



^ 
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TABLE VIII. 

8TADIA RBDUCnOKS FOR RBADINO 100. 





JW 


gs** 


26' 


27' 


Minutes. 


















AViS ■ AA %0m V^^aS • 


Hor. 


Diff. 


Hor. 


Diff. 


Hor. 


Diff. 


Hor. 


Diff. 




Dist. 


Elev. 


Dist. 


Elev. 


Diet. 


Elev. 


Dist. 


Elev. 


0' 


83.46 


37.16 


82.14 


88.80 


80.78 


89.40 


79.89 


40.45 


2 


88'.41 


37.20 


82.09 


38.34 


80.74 


89.44 


79.34 


40.49 


4 


88.37 


87.23 


82.05 


38.38 


80.69 


89.47 


79.30 


40.52 





83.83 


37.27 


82.01 


38.41 


80.65 


89.51 


79.25 


40.65 


8 


83.28 


87.31 


81.96 


88.45 


80.60 


89.54 


79 20 


40.59 


iO 


83.24 


37.35 


81.92 


88.49 


80.56 


89.58 


79.15 


40.62 


12 


83.20 


87.89 


81.87 


88.63 


80.51 


89.61 


79.11 


40.66 


14 


88.15 


37.43 


81.83 


38.56 


80.46 


89.65 


79.06 


40.69 


16 


83.11 


87.47 


81.78 


38 60 


80.41 


89.69 


79.01 


40.72 


18 


83.07 


37.51 


81.74 


38.64 


80.87 


39.72 


78.96 


40.76 


20 


83.02 


37.54 


81.69 


38.67 


80.32 


89.76 


78.92 


40.79 


22 


82.98 


37.58 


81.65 


38.71 


80.28 


89.79 


78.87 


40.82 


24 


82.93 


87.62 


81.60 


38.75 


80.28 


39.83 


78.82 


40.86 


26 


82.89 


87.66 


81.56 


88.78 


80.18 


39.86 


78.77 


40.89 


28 


82.85 


37.70 


81.51 


88.82 


80.14 


39.90 


78.73 


40.92 


ao 


82.80 


37.74 


81.47 


88.86 


80.09 


89.93 


78.68 


40.96 


32 


82.76 


37.77 


81.42 


38.89 


80.04 


89.97 


78.68 


40.99 


34 


82.72 


37.81 


81.38 


88.93 


80.00 


40.00 


78.58 


41.02 


36 


82.67 


37.85 


81.83 


38.97 


79.95 


40.04 


78.54 


41.06 


38 


82,68 


87.89 


81.28 


39.00 


79.90 


40.07 


78.49 


41.09 


40 


82.58 


37.93 


81.24 


39.04 


79.86 


40.11 


78.44 


41.12 


42 


82.54 


37.96 


81.19 


39.06 


79.81 


40.14 


78.89 


41.16 


44 


82.49 


38.00 


81.15 


89.11 


79.76 


40.18 


78.34 


41.19 


46 


82.45 


38.04 


81.10 


89.15 


79.72 


40.21 


78.30 


41.22 


48 


82.41 


38.08 


81.06 


39.18 


79.67 


40.24 


78.25 


41.26 


60 


82.36 


38.11 


81.01 


39.22 


79.62 


40.28 


78.20 


41.29 


52 


82.82 


38.15 


80.97 


89.26 


79.58 


40.31 


78.16 


41.82 


54 


82.27 


38.19 


80.92 


89.29 


79.53 


40.85 


78.10 


41.35 


66 


82.23 


38.23 


80.87 


39.38 


79.48 


40.38 


78.06 


41.39 


58 


82.18 


38.26 


80.83 


39.36 


79.44 


40.42 


78.01 


41.42 


60 


82.14 


38.30 


80.78 


89.40 


79.89 


40.45 


77.96 


41.45 


c-|-/= .75 


.68 


.31 


.68 


.32 


.67 


.&3 


.66 


.35 


e+f= 1.00 


.91 


.41 


.90 


.43 


.89 


.45 


.89 


.46 


c+/= 1.25 


1.14 


.52 


1.18 


.54 


1.12 


.56 


1.11 


.58 



TABLE IX. 

LOCAL MEAN (ASTRONOMICAL) TIME OP THE CULMINATIONS 
AND ELONGATIONS OF POLARIS IN THE YEAR 1915. 

(Computed for latitude 40** north and longitude 90** or 6 h. west of Greenwich.) 



Date. 


East elonga- 
tion. 


Upper culmi- 
nation. 


West elonga- 
tion. 


Lower cul- 
mination. 


1915 
January 1 


h m 
51.7 


h m 
6 46.9 

6 61.6 
4 44.5 
3 49.2 
2 54.0 
1 58.8 
51.9 


h m 
12 42.1 

11 46.8 

10 39.7 

9 44.4 

8 49.2 

7 54.0 
6 47.1 

5 52.0 
4 49.2 

8 54.2 
2 47.6 
1 52.8 
50.2 


h m 
18 44.9 


January 16 


23 52.5 
22 45.3 
21 50.1 
20 54.8 
19 59.6 
18 52.7 

17 57.7 
16 54.8 
15 59.9 
14 53.3 
13 58.5 
12 55.9 

12 01.1 
10 54.5 
9 59.8 
8 53.2 
7 58.3 
6 55.5 

6 00.6 
4 63.7 
3 58.6 
2 55.6 
2 00.4 


17 49.6 


February 1 


16 42.5 


Februaiy 16 


15 47.2 


March l7 


14 52.0 


March 16 


13 56.8 


Aprill 


12 49.9 


AprillS 


23 52.9 
22 50.0 
21 55.1 
20 48.5 
19 53.7 
18 51.1 

17 56.3 
16 49.7 • 
15 55.0 
14 48.4 
13 53.5 
12 50.7 

11 66.8 
10 48.9 

9 63.8 

8 50.8 

7 66.6 


11 64.8 


May 1 


10 52.0 


May 15 


9 57.0 


June 1 


8 50.4 


June 16 


7 66.6 


Julyl 


6 63.0 


July 16 


23 61.6 
22 44.9 
21 60.2 
20 43.6 
19 48.7 
18 45.9 

17 51.0 
16 44.1 
15 49.0 
14 46.0 ' 
13 50.8 


6 68.2 


A^igUiSft 1 , 


4 61.7 


August 15. . •■ 


3 56.9 


September 1 


2 50.3 


September 15 

October 1 


1 55.4 

62.7 


October 15 


23 53.8 


November 1 


22 46.9 


November 15 

December 1 


21 51.8 
20 48.8 


December 15 


19 53.6 



A. To refer the above iabidar quantities to years other than 1915. 
1914 subtract 1 . 5 minutes 



1916 



add 



1.6 



subtract 2.3 
1917 subtract 0.7 



1918 add 


0.9 


1919 add 


2.6 


^«^IS 


4.0 


0.1 


1921 add 


1.6 


1922 add 


3.1 


1923 add 


4.5 



(t 



(I 



II 



l< 



« 



II 



« 



l< 



11 



« 



up to March 1. 

on and after March 1. 



up to March 1. 

on and after March 1. 
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'^\:lt 


5 . 9 minutes 
2.0 " 


1925 add 


3.3 " 


1926 add 


4.6 " 


1927 add 


6.9 " 


'^\:li 


7.2 " 

3.3 " 



up to March 1. 

on and after March 1. 



up to March 1. 

on and after March 1. 



B. To refer to any calendar day other than the first and fifteenth 
of each month SUBTRACT the gttantities below from the tabtdar 
qmntUy f(yr the PRECEDING DATE, or ADD to the tabular 
quantity far the FOLLOWING DATE: 



Day of 
month. 


Minutes. 


No. of days 
elapsed. 


Day of 
month. 


Minutes. 


No. of days 
elapsed. 


2 or 16 


3.9 


1 


10 or 24 


35.3 


9 


3 17 


7.8 


2 


11 25 


39.2 


10 


4 18 


11.8 


3 


12 26 


43.1 


11 


5 19 


15.7 


• 4 


13 27 


47.0 


12 


6 20 


19.6 


6 


14 28 


51.0 


13 


7 21 


23.5 


6 


29 


54.9 


14 


8 22 


27.4 


7 


30 


58.8 


15 


9 23 


31.4 


8 


31 


62.7 


16 



C. To refer the table to Standard time and to the dvU or common 
method of reckoning: 

(a) ADD to the tabular quantities four minutes for every 
degree of longitude the place is west of the Standard meridian, 
and SUBTRACT when the place is east of the Standard meridian. 

(6) The astronomical day begins twelve hours after the civil 
day, i.e., begins at noon on the civil day of the same date, and 
is reckoned from to 24 hours. Consequently, an astronomical 
time less than twelve hours refers to the same civil day, whereas 
an astronomical time greater than twelve hours refers to the 
morning of the next civil day. 

It will be noticed that for the tabular year two eastern elonga- 
tions occur on January 14 and two western elongations on July 13. 
There are also two upper culminations on April 14 and two lower 
culminations on October 14. The lower culmination either 
follows or precedes the upper culmination by 11 h. 58.0 m. 
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D. To refer to any other than the tahrdar latitude between the 
limits of 10® and 50° north: ADD to the time of west elongation 
O.iO m. for every degree south of 40** and SUBTRACT from the 
time of west elongation 0.16 m. for every degree north of 40®. 
Reverse these operations for correcting times of east elongation. 

E. To refer to any other than the tabular longitude: ADD 0.16 
m. for each 15® east of the ninetieth meridian and SUBTRACT 
0.16 m. for each 15® west of the ninetieth meridian. 



TABLE X. -AZIMUTH OF POLARIS WHEN AT ELONGATION FOR 
ANY YEAR BETWEEN 1914 AND 1928. 



T^atitude. 


1914 


1915 


1916 


1917 


1918 


1919 


1920, 


1921 


o 


o / 


o / 


O 1 


o / 


o / 


o / 


o / 


O / 


25 


16.4 


16.0 


15.7 


15.3 


15.0 


14.7 


14.3 


14.0 


26 


17.0 


16.6 


16.3 


16.0 


15.6 


15.3 


14.9 


14.7 


27 


17.7 


17.3 


17.0 


16.6 


16.3 


15.9 


15.6 


15.2 


28 


18.4 


18.0 


17.7 


17.3 


17.0 


16.6 


16.3 


15.9 


29 


19.1 


18.8 


18.4 


18.1 


17.7 


17.4 


17.0 


16.6 


30 


19.9 


19.6 


19.2 


18.8 


18.5 


18.1 


17.8 


17.4 


31 


20.7 


20.4 


20.0 


19.7 


19.3 


18.9 


18.6 


18.2 


32 


21.6 


21.2 


20.9 


20.5 


20.1 


19.8 


19.4 


19.1 


33 


22.5 


22.1 


21.8 


21.4 


21.0 


20.7 


20.3 


19.9 


34 


23.5 


23.1 


22.7 


22.4 


22.0 


21.6 


21.2 


20.9 


35 


24.5 


24.1 


23.7 


23.3 


23.0 


22.6 


22.2 


21.8 


36 


25.5 


25.2 


24.8 


24.4 


24.0 


23.6 


23.3 


22.9 


37 


26.7 


26.3 


25.9 


25.3 


25.1 


24.7 


24.3 


24.0 


38 


27.8 


27.4 


27.0 


26.6 


26.2 


25.9 


25.5 


25.1 


39 


29.0 


28.6 


28.2 


27.8 


27.5 


27.1 


26.7 


26.3 


40 


30.3 


29.9 


29.5 


29.1 


28.7 


28.3 


27.9 


27.5 


41 


31.7 


31.3 


30.9 


30.4 


30.0 


29.6 


29.1 


28.8 


42 


33.1 


32.7 


32.3 


31.9 


31.5 


31.0 


30.6 


30.2 


43 


34.6 


34.2 


33.8 


33.4 


32.9 


32.5 


32.1 


31.8 


44 


36.2 


35.8 


35.3 


34.9 


34.5 


34.1 


33.6 


33.2 


45 


37.8 


37.4 


37.0 


36.6 


36.1 


35.7 


35.3 


34.8 


46 


39.6 


39.2 


38.7 


38.3 


37.8 


37.4 


37.0 


36.5 


47 


41.5 


41.0 


40.6 


40.1 


39.7 


39.2 


38.8 


38.3 


48 


43.4 


43.0 


42.5 


42.0 


41.6 


41.1 


40.7 


40.2 


49 


45.5 


45.0 


44.5 


44.1 


43.6 


43.1 


42.7 


42.2 


50 


1 47.7 


1 47.2 


1 46.7 


1 46.2 


1 45.7 


1 45.3 


1 44.8 


1 44.3 
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TABLE X.— AZIMUTH OF POLARIS WHEN AT ELONGATION FOR 
ANY YEAR BETWEEN 1914 AND 1928~Con<»i«ed. 



Latitude. 


1922 


1923 


1924 


1925 


1926 


1927 


1928 


e 


o / 


o / 


o / 


o / 


• t 


e 1 


O f 


25 


13.6 


13.3 


13.0 


12.6 


12.3 


11.9 


11.6 


26 


14.2 


13.9 


13.6 


13.2 


12.9 


12.5 


12.2 


27 


14.9 


14.6 


14.2 


13.9 


13.5 


13.2 


12.8 


28 


15.6 


15.2 


14.9 


14.6 


14.2 


13.8 


13.5 


29 


16.3 


16.0 


15.6 


16.2 


14.9 


14.6 


14.2 


30 


17.0 


16.7 


16.4 


16.0 


15.6 


15.3 


14.9 


31 


17.9 


17.5 


17.2 


16.8 


16.4 


16.1 


16.7 


32 


18.7 


18.3 


18.0 


17.6 


17.2 


16.9 


16.5 


33 


19.6 


19.2 


18.8 


18.5 


18.1 


17.8 


17.4 


34 


20.5 


20.1 


19.8 


19.4 


19.0 


18.6 


18.3 


35 


21.5 


21.1 


20.7 


20.4 


20.0 


19.6 


19.2 


36 


22.5 


22.1 


21.7 


21.4 


21.0 


20.6 


20.2 


37 


23.6 


23.2 


22.8 


22.4 


22.0 


21.6 


21.3 


38 


24.7 


24.3 


23.9 


23.5 


23.2 


22.8 


22.4 


39 


25.8 


25.5 


25.1 


24.7 


24.3 


23.9 


23.5 


40 


27.1 


26.7 


26.3 


25.9 


25.5 


25.1 


24.7 


41 


28.4 


28.0 


27.6 


27.2 


26.8 


26.4 


26.0 


42 


29.8 


29.4 


29.0 


28.6 


28.2 


27.8 


27.3 


43 


31.2 


30.8 


30.4 


30.0 


29.6 


29.1 


28.7 


44 


32.8 


32.4 


31.9 


31.5 


31.1 


30.6 


30.2 


45 


34.4 


34.0 


33.5 


33.1 


32.6 


32.2 


31.8 


46 


36.1 


35.6 


35.2 


34.8 


34.3 


33.9 


33.4 


47 


37.9 


37.4 


37.0 


36.5 


36.1 


35.6 


35.2 


48 


39.8 


39.3 


38.8 


38.4 


37.9 


37.4 


37.0 


49 


41.7 


41.3 


40.8 


40.3 


39.9 


39.4 


38.9 


50 


1 43.8 


1 43.4 


1 42.9 


1 42.4 


1 41.9 


1 41.4 


1 41.0 



The above table was computed with the mean declination of 
Polaris for each year. A more accurate result will be had by 
applying to the tabular values the following corrections, which 
depend on the difference of the mean and the apparent place of 
the star. The deduced azimuth will, in general, be correct 
within 0'.3. 



For middle of 


Correction. 


For middle of 


Correction. 


January 


* 

-0.5 
-0.4 
-0.3 
0.0 
+0.1 
+0.2 


July 


1 
+0.2 


Fehnm»y 


A ugust 


+0.1 


March..'! 


September 


-0.1 


April 


October 


-0 4 


May 


November 


—0 6 


June 


December 


—0.8 
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i Q8 070 

■ i!I 

I D7 ise 



I 12 057 

[ Tli3 

i 13 0S3 
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3b£ 42£| '... 
7»i e22; til 



107 145' 1 

4B3 52i3| ; 

859 893 I 

225 251 : 



5641 sal 

s .... .. 

7fll' 78'' ""' 



20 S, 243 



flfl3'*036 
40| 441 

'22l|*282 



.!!! 



♦272 
621 



SB1I59I _82? _fl81 

B93 B2S 95S 99l 

22I 25| 287 320 

E4BI 580 613 54S 

B72' BOi B37. ("" 

194' 225 258 1.^ 

ai3, 545 577 eoB 

f>n' ns-y S95 925 
i '20? "238 
I 516 550 

i 625 JBO 

i 'IS? '187 
! 443 473 
; 74! 778 
' '047 '07- 
I 346 37{ 
I 843 87: 
i 838 96! 



145-1 
457' 4 



753 7s2i 8II 840 



M 'I ' 



4. 8. 34 





Sli 




7 












































138. 


36. J 





3? 37 36 3S 





Hi 


I 




2t.i 


% 
14 

1 

31 



24 123 
3liDi30 





3 


\ 






3 


si 


. 




12 


j 


12 




12 


"i 


! 




25 
2S 


8 

i 


i 




1 


ii 


i 
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s. 





~r 


2 


3 


4 


5 


6 


7 


T 


9 


p.p. 


7Z 


17 909 


~z 


"^ 


~6 


"^ 


763 


783 


811 


840 


989 




151 


97 


71 




»B4 


•013 


•041 




■OBB 


•12 










IB B^ 


2 : 


24 


27i 


29i 


321 


35! 


33 




'44! 






5^8 


.9, S 








1 
















*"; 






8 ; 




-4! B 




151 


la 3 


7 fl 

1 


OB 


93| 


8e| 


17 


20 


22 


I 




















3 5 


36 


39f 


42; 


45 


47 


50 


5 


56 






7^; 




^SIB 




157 




s ; 








72 








83 






) 




-BIB 






e 






94! 




•00 


•03 




*o 


•11 


















loi 


IB 


221 


ll 


647 


57i 


BOI 


3 7 
62S 


385 
B55 






B^i 


is. 2124. 1 


160 


112 


439 


4e9 


193 




IS 


9s: 


70 


." 


*"■ 


793 


8 7 


941 


871 


,808 


,82? 


,j 


T-i 


2 t 


Ifl 


96l 








•05f 


•0 5 


•111 


•139 








5-3 


S 


3 




21 21! 




27 




325 


3 2 


37i 










7. a 




» 






51 


53 


58^ 


590 


B B 


643 


BB 




72 










19 


711 










8 ( 


90f 


93; 


95f 






3^3 


3 






22 Oil 












IB 












5 






271 


29 


32 








42 
















le 








sol 


634 


B60 


686 


71 


737 


. "l 


^8 


















BOl 




941 








.923.8 


3 1 


170 


23 015 


070 


~Oflfl 


721 


147 


^72 


199 


~223 


249 


m 


KS 2S 24 


























29 


325 


35 


37 




433 


451 






52j 




2.5 


2-5 3-4 


1 2 




57t 




92 


653 


B79 




72! 


^753 


,77 




2 


= i 






1 3 


80 


92! 




B8 




93r 




9B 








3 


7.6 


7^5 7 


3 




24 05 


OS! 




















4 


0.1 


10. C 




s 


1 S 


30 


321 


36 




lOi 










52 






2-1 









1 e 








925 




6?; 


969 


725 


741 


77. 






5,3 






4 


1 7 














94J 96 




•91 






7.! 


17.5 


L 


B 




2B 041 


osf 


09 








189 21! 










O.j 


20.0 


1 


3 


1 » 


527 


309 
551 




35 


382 


loe 


430, 155 
872' 896 


479 


503 






2.! 




3 a 


180 


111 


50^ 


BZS 


64? 


720 


744 




BI 


79 B 


792 


916 


B40 


"bbS 


88^ 


911 935 


~95 


^8^ 




n 


2.3 




2i 00 ; 


031 


51 


07l 






150 










4 7 


4.B 








9! 


3H 


341 




38! 


■11 


43 


45 




7.D 




B4 








5 ! 








46 








° i 




B5 


71 j 






7 7 








81 








11-7 






isi 


97| 


9E 


■0 I 




♦oea 




• 1^ 


*13 


♦IB 




^*l 






37 134 




3f 


2 4 


277 


300 


32; 


16 


3B 


39 








SB 


419 














77 


BO 


82 


!bi8.b 






919 


6B9 












06 


B23 




.b!21.I 


O.T 


190 


875 


gsB 


~B21 


"944 


9B(; 


999 


*^12 


•035 


•05B 


-OBO 




ei 


39 10 


~j^ 


14 


Iti 


194 


217 


~235 


62 


295 


307 


1, f 5 


rs: ri 


ez 


93 








42C 








510 












93 


55 


57 




623 


94' 




eoj 




735 








B.Bj B 




78 


80 




B47 


861 


802 


l^ 




959 








8-B B 












070 


; 


111 






IBl 


20 






!0| 


as 












33I 






403 












97 


44 


IB 








fiSS 


57S 












sill B 








71 


733 




776 


79 930 


811 








7.B 7 


S 


a» 


89 


BO 




950 


9 5 


m 


•01 !'03B 


•069 


•08 




91 0.: 


s.b! S 8 


zoo 


30 103 


I25 


7^ 


IBB 


190 


211 


233) 25S 


276 






N. 


. 


1 


T 


3 


T 


5 


6 1 7 


T 


T 


r.T. 
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^. 


o 


Ui 


14S 


168 


4 
180 


211 


233 


26i 


8 


9 


P. P. 


200 


30 JOS 


376 


293 




aoi 


31 


Sll 


36 


SBl 


106 


437 


119 


470 


193 


513 


.., i\ ?i 






5 




509 






«B 


6BS 


707 


73 




3 










7« 


7 1 




Bli 


8 5 


.856 


87 




B26 






a 




6 


e'.a 


201 




a t 




-027 


•o 




•09 




•133 






4 


B 


B 


8.1 






I I 










30 


333 








1 























51 


53i 


655 
















69 


i 


6 


66C 


6 1 


70i 




74? 


76^ 












:4 7 


20S 


300 


8 7 


B B 




' ? 




83 




973 


BS4 




e 


L7 


6 


,6-a 




33 014 
232 


S 
342 


263 


~ 








IBC 
36S 


180 


301 
407 




8 








210 


30i 


~826 


























3Jt an 




433 


44 


"46S 


480 


6X0 


53 


551 


B71 




613 




2 




Z 3 


63^ 


B51 


671 


as5 


71 




5( 


77 




ai; 








1 


10 


a s 


J3 oJ 


85 


S7S 










88{ 


♦00 


•03 








I 








0B3 




lai 


U 


e; 




20 










: 






24J 


26 


384 






















i 


ID.O 


2 B 


44! 




48E 










68) 


BO 


63 








a 


L2.0 




046 






706 




74 


61 














a 






34^11 


86 


BBS 


905 


921 










•02 








j 


16^0 


2 g 










h; 




183 




223 








1 


18.0 


Z30 


31! 


262 


231 


301 


~331 


341 


360 


380 


~100 


4ie 




331 


43 


49B 


47 


191 


Ell 


53 


557 


~67E 


5B6 


Gl 


.] 


1 


1 a 


333 


63 


655 








73 


7b: 




781 










8 


s's 


223 


83 










92 




Bl 












( 


5.7 




35 03 




06 


031 






11 : 


Bl 


17! 


19 








! 


7.« 


235 


21 


23 f 




27! 




31 
















1 


9.B 


236 




430 




4Sl 








li 




58 








1 


11.4 






62 


64 


6E0 


671 


BO 


71' 


3i 










13 


i 


13.) 


328 


76 


Bli 




B5l 


B6I 


88 


^9o; 


. ^' 


."! 










j 




33B 


88 
36 173 


•ooi 

19T 


lie 


*04! 

226 


-OBS 
218 


•07 

267 


286 


305 












i 


17^1 


330 


"92a 


345 




SI 


Bl 


380 


3BS 


41? 


436 


56 


171 


49S 


Bi; 


530 


.3 


'§ 


" 


32 


4 


687 


68 


606 


621 


4i 


68 


87! 


691 


717 








7 


l 


93 


3 


7S4 




791 






,84 


861 


bb: 


90: 








I 




34 






95 




89] 






■OV 


'D7I 


•CBI 








J 




SB 


37 


u\ 


u: 


161 


18 






231 


25: 


27; 








i 




23B 


S 


30i 


32 


34S 


36^ 


e; 


40 


























530 




61 






62: 


63! 








i 






6? 






71! 




41 






BOS 


82: 






1 


! 


ll'l 


33S 


10 


858 


876 


id 


Bli 


3& 


91 


067 


S86 


■003 






1 


i 




310 


18 021 


039 


057 


075 




111 


125 


14! 


16S 


183 




3«1 


301 


21 


237 


35 




2fli 


30i 


32! 


34 


36! 


-1 


1.7 


"j 








415 




















8 


6 


I 


343 




67 


69^ 




832 






IbJ 




73: 






5 


i 


.1 


314 




76 


77i 


79 


81. 


826 


845 


8l 


.'* 


899 






7 






ua 


38 Ool 






U 


987 


r.\ 


•ffi 


•04i 

2i; 




*076 
25; 










1 -3 


217 




23 


305 


323 


31! 


35 


375 


39i 


41 


12! 






12 




1 .9 










49? 


516 


63S 


651 


6B! 




60: 




















672 


6B9 




73? 






77B 










I ^S 


2S0 


791 


^ 


828 


846 


883 


881 


898 
6 


~9]5 


933 


950 




7 


4 


S 


~ 


~ 


p. P. 
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K. 





811 


8 3 
S2E 84e 


8B3 


5 
881 


6 

888 

"071 


-!- 

915 933 
*088'*105 


950 


.-.P. 


250 


38 7B4 




a SI 


"ae! 


884 




•03B 


»054 


SS2 


40 140 


15 


171 191 


209 




24S 


266 277 


91 


1?. 17 




3i: 




SBC 


396 415 


432; 449 


66 


.1 1 J 


1.7 


954 


m 


50 51? 533 


651 


569 586 


603j 621 




■ 2 3 


G 




i 


255 


654 


67 1 638 70Q 7S2 


739 75f 




0', 




i 




1 






84 658 875 892 


90g 92! 




. ^^ 


■ 4 J 


I 


6 


S 




»9! 


•01 |*027 '044 *061 


■■077 '09; 






.5 8 


! 


B 




SG8 


41 162 


17 195 2lS, 229 


248 26! 








5 






SSS 


330 


34 1 363. 380, 39J 


413 43( 




_4B0 


'l?4 


J 






260 


4s; 


514 530' 64? 564 


581 595 


614| BSl 


64? 


-.lit 


lit 


1 


381 


86 


6BB' 69 714 73D 


747 7 i 


78B| 79 


813 








646' 86 B80' 89 


913 9 ! 


B46l 96 


979 




263 


88 


*012'02 *045*06 


*078 '0 I 


*lll|n2 


*149 






42 16 


177 IB 1 205, 226 




275 29 










341 35 373; 39' 




439 46 


47: 


Ig 16 


368 


48 


50* 521 537 B5 


565 5 ( 


605 81 




.1 1 5 




367 


65 


667 685 700' 71 


735 7 


765, 78 


79! 


.2I 3 


3 










82g' 848' 852' 87 




927' 94 859 




E 


4 


8 


36B 




aBl,*0O? ,'023 "OlO 


'058 *07; 


•088 '10 *125 


it 6 


I 


B 




270 


13 laB 


152! IBS' laS; 20B 


216 233 


249] 265 281 


'-l\ 9 




g 






















371 


28 


319 329; 34 1 361 


377, 383 


409 


42 441 


.813 




13 






45 


473 489' 50 526 


63C 55! 


66f 


68 60 


.9I14 




14 








632 548' 65 ' 68Q 


695; 711 


72? 


74 75E 




274 


77 


9l! 806, 82 83 




886 


90 , 91! 




275 


93 




•012/028 '043 


■06 'OIS 










ler 1B5 201 




232 




377 




63 275; 29 : 31B 






389 




278 


40 




485 495 


51S 


52 


54t 


IS lA 






76 5911 eo 1 a2S 


638 653 






70iS 








1 




SSO 


718 


731' 747| 762 778 
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"^ 


856 


i 


4 










87t 


888' 90T 917 93S 


48 96^ 


97S| 994 


'005 


■\ 


^ 




s 








040 OSjl 071 OSS 


02 ii; 


13 ' 148 


61 




9 




9 




zsa 


" n 




55 27! 


29 


30] 


IE 


'-: 


10 










347 asai 377 393 




43 




61 






2 








489 


5 5 530 545 








2! 










386 




552 


e 7, 6821 595 




74 


751 


7; 






8i 


80= 


8 E 633i 84i 


' ^1 .*n 


,89 


909 










95^ 


9 3' 9B4' 99S 






•065 '075 




288 


46 9( 
240 


105 
255 


1 0, 135| ISO 
30^1 23i 299 


"si? 






210| 226 




290 


325 


^ 


~a65|^ 


-V >^- J*- 


391 


III 


°i 


tin til 


m il- 


84' 


50 ' 523 
65 672 


■j 


2 


I 


2 






6b: 


Ol 


7 ?; 73 748 
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80 820 




















*^ 1 'n 




95 1 96 
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S'l 
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•08! 


'10 ,Mii 






■j 












1 8 17 : IBB 






246 281 




10 


i 








37 


it 




3 5 3fl! 




3931 40; 


^i 


11 


i 






III 


m 


Jl 


B e' 81 


625 


4 4 50i 


66) 


538 55; 


.1 




I 








800 


713 


72B 


741 [ 765 


770 


Tbi 


_^ 


813 


828 842 
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'J_ 


,|3 


4 


^ 


_«_ 


J_ 
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« 


3 


4 


« 


e" 


"7 


8 


9 


P.P. 


z^ 


47 713 


723 


~1 


7B5 


~o 


7B 
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aia 
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301 


sei 
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91 
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■ 




Hi 
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u 
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21 
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so: 


3li 
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3S0 


M7 


418 


431 




155 


469 


461 


49.1 


508 


SIS 




K. 





1 


T 


T 


* 


'-. 




T 


« 


9 


P. P. 







TABLE XI 


— LOQARITHUS OF NUMBERS. 






M. 


o 


418 


a 


3 


4 

436 


7. 




^ 


B 


P.P. 


ajso 


5i 407 


~^l 


49S 


5lS 


. !^ 


351 




543 


E6E 


~6e 


B80 


~B9^ 


805 


617 


Tsr64"2 


i52 


















7 765 


. 28 






79 C 


302 


81 




339 






8 : 338 


. 3-7 


394 






a g 






361 


974 


SB6 


9 •Dlfl 


■ ^ S 


SS5 


36 23 




7 










lOS 


1 1 135 


- , 8-J 




14G 


IS7 


1 s 




194 


206 




230 


24 1 264 


- 1 73 




267 


279 


2 1 


30 


311 


327 




SS2 3641 376 


- 8.7 


3SS 


as 


40 


4 S 






449 


481 


473 485 497 


■ "S 


m 


609 


521 


B 3 










6B4,_B0flL61_8 


. I11-3 


360 


m 


643 


353 


866 


678 


~69"d 


~70i 


711 


mini 


„{'. 


861 


760 


76 


776 


737 


799 


811 


823 


385 


847: 859 


3B2 


371 




,896 


907 




931 


943 


965 


966 B7B 




ses 


99C 


•00 




•036 




•030 


■06J 


•073 


•obS-osb 








12 134 


146 


138 


170 


181 


19 


201, 217 






^' 229 




265 




28i 


30 


315 


324I 336 


.5 30 


ses 


34| 


36 ! 37^ 


33^ 




407 




431 


443, 4B6 










490 


502! 614 


523 


63 


543 6611 573 










B0£ 






B4i 




86?, 679 891 


.3 36 


ses 


703 


71 




83S 


1 


76i 


77 


786 796 


SOS 
925 


.910.8 


370 


332 


841 


B79 see; 905 914 


..,rt 


371 


~937 


949 




973 




996koZ 


•Ol5i*031 '04S 






061 


07i 


OBi 




111 124 


136 147 IBB 


■i 31 


373 


171 


13! 










24( 


253 


26 275 


.8 3.1 




281 




IVi 


32 




341 




869 


38 891 


■* * 8 






4l| 42; 


43 




46^ 


47! 


48; 


49 60^ 


.3' 6.? 


376 












BBl 


69! 


61 62 


■S IS 






845' 65; 


66 








71' 


72 73 


.7 8.0 


S78 






78 




80' 


ail 


821 


84 1 85E 




879 


3 4 






00a 




935 


344 


96 1 967 


■eiio.s 






















3S0 


B7S 


990 tool 


•OlS 


•024 


•03 


•047 


■05B 


•065 


•081 




81 


63 09! 


104 llG 


126 




1 ■ 


131 


17; 


83 


195 




'■'. 




30( 


217 221 


24i 


2S: 




27: 




9^ 


301 






83 


S3 


320 








3 


















438 m 461 




47 


4 


50: 






53! 




* 


M 




6461 B57 Bfli 


381 


39: 




613 




36 647 




( 


6.S 


36 




691 


70; 




72B 




48i 780 








37 


771 735 7B! 






8 


831 




861 872 










383 Sst 90; 






9 


,B5I 


."^' 


97a 984 






BB 


39 


396 '006 -017 
5B 106 117| 125 


■031 










-034 


•095 
206 




sao 


173 


Isi 


193 


.n 


391 


ai ' 229' 240 


"as'i 


'26~ 


27 


2B 


29: 


30e' 317 


■ 1 


iK 




3 45I 46' 


i?: 


4B 




38 


61' 


tw s 




! 


l\ 






63: 


39 


3 






6371 64 






*i 




5 


B79 SBl 


6Bf 




7 




747 75 






6-3 




6i 


7Bn 79: 


■E 






83 34! 


S57 8B 




i 


Si 






89o'__90 


92 


9 




9361 97 




! 


7.1 


SO 


93! 








•c 




•071+OBi 






!-* 




BO 097 


loa, 11! 






15 


~^iii 


^1^ 




400 




21 


227 


~23~ 
3 


14a 
4 


2BB 




«. 


« 


T 


2 


2 




2 


_^ 


p.p. 







TABLE X1.-LOGARITHUS OF NUMBERS. 








... 


1 


3|3 4 


5 |6 r 


« 


« 


P. »■. 


400 


60 20fl 217 


227 23E 249 


36fl: 37i 382 


293 


303 




401 


31 325 


336 347 35? 


363 37 390 


40 


412 






42 433 




47I1 48 488 




516 






5S , 641 




58|l 59 8 1 


81 627 




»04 


aa 1 fl49 


653 670 681 


692; 70 7 ; 


11 l'-'^ 




1 


-1 






Joelji I : 








3 


^3 




9S 1 fi7D 






*04 










floa 


61 086 075 


03? 093 10 


119, 13 ■ 14( 


16 


181 












1831 204 215 


22SJ 336 246 












410 


27S| 239 


299 310 32D 


33l| 342I 353 


363 


~373 




8 


li 






403 416 42b 


437, 447| 45 


463 












543: 553 58 


57' 






4 S 


695i eoi 


616 626 837 


84? 658 86 
753 783' 77 




639 








32^ 836 84^ 


857 as? 87 






] 


f 


4 8 




930 84S 951 


961 972 98 


99! 


•003 






4 7 


82 013 024 


03l 045 055 


085 076 08 


097 
















12( 


13B. 149 159 


183. 160 19f 


200 


211 










4 9 


aas 


Hi 


242| 252 233 
343 3S6' 386 


273; 383 294 
373 397 397 


_30* 


3U 




I 


I 




430 


40? 


418 


1 


431 


4 


43i 


44 1 59 465 


480] 490 50a: 61i 


521 




8 


I 


1 


422 


s 


54 


65 1 8 57; 


53|l 593 803 61 






9 


a 


I 




a 


644 




683, 695 706, 711 










75 6 777 


786 798 8081 BlS 






425 


8 1 B4t 


65 ■ 6 37 


890 ^900 _B1! 


921 






42S 


9 1 951 






•02! 


*03 






63 1 OSZ 


06 73 oa 


09S 104 11' 


12' 




1 







1 1 15i 


16 75 165 


195 205; 21! 


22i 


23 




1 


3 


433 


2 \ 256 


26 , 76 288 
367 377 387 


296 SOlj 31i 


32< 


33 






2 




430 


397' 407' 41T 


42T 


"43? 


9 






46B 47 486 


499, 50 5 3' 521 


533 














5e! 57 1 58^ 


S93' 80 8 9 62E 
















869 67 689 












1 4 


74 75 


769 77 78f 






B B 




4 S 


S4 65 












9el 97 93 


996 '00 '0 1 -023 '038 








06B 07 038 


098| 10 1 7 137j 13| 




4 B 


U 1 15 


167 17 1 187 


298 30 Slij 325 3S5 




4 B 






, . A 


440 


&!75^ 


365 376 334 


39J 40^1 413 424^ 434 




2 


1 






444 453 


483' 473I 483 


93 503' 61!' 5 
















562 571' 581 














443 


640 651 


860 870 67 














441 


73S 741 


75|| 78J| 77f 


87i 797 805 8 
















65! 


86 1 87! 


85 895 90i 9 


92! 














953 




82 992*O0l'O '021 
7^ DB9 098 1 3 118 
76 196 195 205, 21! 










447 


95 03 041 


05t 






44B 






15 , 16i 










35 1 26; 


273' 283 292, 302' 311 




4S0 


B2i sai 


340 


350l 380 


369 379 38 


39fil 408 




H. 


1 


2 




S 1 6 ' 7 


8 » 


p. r. 







TABLE X 


— LOQARITHMe OP WUMBER8. 




K. 





1 


2 


3 


4 


'^ 


" 


7 


8 


" 




450 


55 321 
11! 


331 


340 


350 


56 


as9 


J79 


J- 


3SS 
94 


J^« 










446 




4S2 








54 


51 


56; 






9 






10 


«sa 


81 


6 




631 




esf 






Bl 


591 






<64 


70 


7 


72; 


73; 




75; 




77 


82 


79; 






IBS 










3| 






86 


T 








iM 


















7 






1^0 


»7 


9B 


*0 






* sj 








• e' 




' -5 


6.0 




B8 08 


09 


'lO! 


11! 




13: 


1 


15 


61 


17; 






4B8 








20i 




22B 






57 


386 






460 


275 


285 


Vi 


301 


"3^3 


323 


~335 


142 


351 


380 


^8 


li 


4ei 


370 


7! 


389 


3B 


108 


n 




~136 


11; 


4 5 








164 


7 


18 


49 


50; 






63' 


53! 


6 








55 


e'. 


57 




591 


80 




62 


83; 


6 






484 




ei 


67i 












72i 


7 






465 




si 


78 


77 








811 




8 




» 




83 


1! 


85 




876 




BBJ 




.9J! 


9 




O.S 


167 


93 








989 


97 


98' 


89 




•0 ! 




l.l 


188 


67 02 








06 






08 


09! 


1 1 




2.S 




n 


2i 


13 


145 


15; 








ISI 


3 




!l 


470 


210 


219 


22S 


237 


241 


^56 


~265 


274 


283 


293 




U 


( J 





31 


aan 


329 


33! 


11 


35 


36S 


378 


3B6 




7-B 


4 2 
















45j 


16; 


47; 




as 


4 a 




18 




51' 


52! 






55i 


95 


5el 








7 


68 


69| 




eii 


3 


63. 


61 


65. 


680 






1 9 


6 








70f 


1 


72 


73 




75] 






1 e 




















81 








52 


86 


870 


87S 










_B2| 


M 






1 a 


ig 


95 




970 


97! 


8| 


99 


-CO 




*02 






1 s 








06C 


















4S0 


124 


"iss 




151 


leB 


lei 


~m 


~m 


196 


~20E 




U 






~23 


~233 


Z4l 


263 
















n 


32 




aii 


31 


35 


36; 


37 






i'-i 


B3 




o3 


4l! 


42! 


13 


13 






16 


47 






B4 




g] 


50! 


511 


62f 








55 










571 


B3 


593 




6U 


61 


62t 


637 


61 


66 




8.1 


86 




75 


G8T 






70 


71; 


72 




71 






87 




52 


770 


77S 






80? 














842 


61 


S60 








8B5 












89 






94S 




9eg 


97 


984 


993 


•002 


•010 






490 


89 015 


"^^ 


037 


"04B 


055 


064 


073 


081 


093 


099 




O^B 


191 


08 


11 


126 


13 


11! 


15a 


161 


170 


T79 


187 




!: 




9S 


20 




22 


232 


24E 


249 


269 








2.S 




84 




3oi 




320 


321 


33 


31 


355 






^ i 


191 






395 




106 


416 






443 


15 




i.i 


495 




16 


178 


18 


49^ 


503 






530 


53 




S.l 


496 


18 


657 


565 




583 




60 




eiB 






5-S 




35 


eil 


853 




87S 


675 


68 


897 


70! 


71 




8. a 


496 




73l 


74C 






85! 






79; 






7.B 


189 


10 


819 


827 


83 








178 


87S 
96G 


ses 
975 






£00 


905 


9U 


923 


IS 


943 


~^S 




H. 





1 


2 


3 


4 


S 


e 


7 


j_ 


J_ 


P. I'. 







TABLE XI 


—LOGARITHMS OF NUMBERS. 




M. 





~ 




^ 


4 




« 


' 


« 


n 


^■ 


r. 


500 


89 P97 


905 


914 


923 


931 


94!! 


949 


■11 


96! 


975 






5D1 


984 


992 


•001 


"010 


-01 S 


*03 


•031 


•0 


•063 


^•. 








70 07C 


79 


087 












131 












ei 


174 


















0.9 


SOI 


243 


51 


29? 


253 




38 




3 


31: 






18 






37 


34f 


356 


39! 


37 


3BJ 




39( 








soe 


5D1 


i 


sii 


441 




m 


651 


t 


til 


B7i 




3^6 
4.9 


50S 


sse 


u 


605 


Eli 


ji 


rd 


'i 


!!! 


66' 


66; 




n 


BIO 


757 


755 


~774 


782 


7»1 


799 


808 


ais 


~B25 


~83li 




aa 


5 1 


842 


850 


^BO 


~gg 


876 


-- 


^9^ 


BOI 


"a 10 


91! 








927 


935 






96 






98S 


99t 


•00? 






5 3 


71 Dlt 


020 


12! 
13 


03 


!!| 


13 


?! 


!| 


07! 


oat 








lie 




9? 












24t 






Ji 


6 6 


2B5 


273 














331 






0.8 


5 7 


349 


357 




37 


383 


39 


39 


40! 


416 






1.7 




433 


44i 






4B6 






49 


50( 






3-5 




510 










S5 




57S 


583 






li 


530 


805 


eoa 


~ei7 


825 


~635 


643 


"flsn 


859 


867 


~675 




\l 


521 


BB4 




"700 














75B 




) B 




767 


775 


785 


793 


BO! 






B2J 


83 


842 




7-8 
















BO 






935 


























•oof 






535 


72 016 




033 




04 






074 




OBG 








095 

181 


!!.' 




12! 
20 fl 


13 


140 

232 


14 


;?. 


Ifll 


173 






GSB 


ZBl 


27l 


3BD 


388 




304 




321 








8 


G»8 


345 


354 


363 


370 


37B 


381 




403 


411 


419 




i 


S30 


42? 


43B 


444 


452 


480 


488 


478 




493 


501 


'.a 




611 


SO 


i 


60? 


? 


543 


5B0 
BBS 


658 
640 


68 


i 


]^i 


'.a 


:i 


533 


75 




770 


776 


786 


7lS 




73 


319 


It^ 


.7 








!! 




853 


968 


876 


is. 


89 


90C 


m 






sse 












957 




^97 


_98I 


^m 






537 








•03 




*03| 


•04 












538 


73 07 


08 


09 i 


105 


110 


111 






143 










333 






183 
353 


191 

"271 


199 

273 


287 


29^ 


223 
303 


231 
SIT 






£40 


~^ 


~a55 


h 


B41 


313 


~328 


~33e 


~a44 


3S3 


360 


368 


378 


:84 


3 a 


■3 


543 
















45 




4 2 


.3 


2-S 


S43 


480 


488 


496 












4^ 


5 




3 




BBf 


see 


676 


58; 


9; 


eot 


8Di 




ill 






ST 




63 


R4! 


65! 






878 


887 


69 


! 




-6 


*6 


545 


71 


727 


7S5 






759 


787 


77 






T 


5.5 


B47 


79i 


BD6 


814 






83 


84| 




B : 




.8 











39; 




05 


917 


93 




9 






fi.T 


649 










989 


997 


'00! 


•01 


•06 


■02 






BSO 


74 036 


044 


052 


"^ 


068 


075 


083 


091 


099 


107 






«. 





T 


~ 


3 


4 


~ 


^ 


T 


~ 


[^ 


,■.,., 



TABLE XI.— LOGARITHMS OP NUMBERS. 



M. 


• 


1 


_^ 


J_ 


J_ 


^ 


_»_ 


7 


8 


i> 


1-... 


fiffO 


74 03£ 


044 


05? 


OBO 


088 


075 


083 


091 


0B9 


10! 




til 








1 


146 


IB; 


62 






186 




tll2 


1B( 


2iy. 




! 


221 




41 






28' 


' '1 


BBS 


27! 


28( 


38 


! 






19 


33 


331 




1 




S51 






; 


381 


390 


93 




41; 


















4BI 


11 










G5B 




6Ii 


52 






541 


6- 


5B 


571 




, . -8. 


6S7 


Bsi 


sil 




09 


81! 


62' 


63; 




Hi 












B7 




70; 






72' 








GE8 




749 




6^ 






781 




803 






3 IB 


56. 


Slfl 


S23 


B3} 


842 


850 


flS? 


885 




~881 


8BS 




s i1 


sei 


m 


90 


fll 


91 


027 


935 


,"* 


"To 


^95 


,* 1 








B7f 




SE 




*00' 


•01 




•0 7 










Ges 










08 


089 




1 5 


11 






3 Si 


Wi 


" !li 


13 




IS 


IS! 


lai 


17i 


1 : 


IB 








206 








23S 


243 


2s: 


2 i 




2 < 




ses 


39 






80 


813 


320 


32; 


3 ! 




3 I 




SB7 


3S! 




37i 


33 


38! 


395 


40' 






4 7 






«5 








4e; 


473 


48f 


4 i 




5 3 




BBS 










541 


549 




5 I 




5 




BJO 


BB7 




flOS 


BlO 


~818 


625 


~933 


841 


B4B 


~e5e 




1 


ee| 


671 


879 


886 


694 


701 


10 




7 4 


~732 


, , J- 


2 


73i 






765 










a i 












815 


823 


83 


838 




Bs; 


88 




8 










Bfll 


899 




flu 


92 




93 


94' 


: 


_0S 






B 


987 


fl I 




sa( 




•00? 


•01 


■Oil 


• ; 










7B 042 






oes 










: 








H 


7 






13 


14C 


14 


15! 




171 


1 


18 






8 


1S3 






si! 




23( 


23 


24 










!:l 






2 S 


za 


29S 




30S 




32( 










880 


34S 


Bsa 


'sBB 


385 


"37I 


3BD 


"38? 


386 


405 


410 




GBl 




435 


43 


440 


~447 


455 


482 


4 1 


477 






sa2 


48 




50 


S19 


522 


53i 


531 


6 < 


S52 


S5 












SS9 


SB 


60' 


611 


6 B 


826 


83 




iZi 








883 




B7i 




6 ; 


706 






BBS 




723 


73 


738 


74 




76t 


' \ 








BS6 






80 










u\ 


84) 


B5 


. , A 


















91; 






SBB 




945 












989 










BBS 


77 01 




03 


03S 


04 


04l 


055 


063 


07S 


078 




2 1 


fiBO 


085 


"oHa 


100 


105 


114 


112 


129 


136 


144 


151 




\ \ 


Bl 


IBB 


IB 


173 


IB 


Sg 


195 




210 


217 


25 
















b! 




276 


28 




9 












3 2D 




35 




84S 


35B 




7 




? 5 5 


B4 




3B 


393 


40 


Ofl 


415 


425 


430 


437 






BS 




4S 


48^ 




ai 




496 


503 


610 


! 














54 




56S 


575 


683 












ais 




26 




641 


B4g 


8S5 






B8 


870 


B7 


989 


89; 


99 


701 


713 


721 


72B 


3 




Be 


74! 


750 


757 


78J 


71 


779 


788 


793 


80C 


aoB 




600 


BIS 


aa! 




837 


844 


B5! 


BSl 


886 


B73 


B8C 




li 


» 


1 




3 


* 






' 


« 


^ 


I", p. 







TABLE XI 


— LOOARITHMS OP NOMBERS. 




!.. 





T 


3 


3 


4 


^ 


6 


7 


S 


9 




>■■ 


800 


77 815 


k2 


839 


~7 


~i 


851 


95E 


~0 


m 


"^0 






BOl 


as' 


995 


902 




~aii 


92 


,93: 


m 


.** 


^ 






fl02 


95! 


9fl: 


97. 


m: 


98! 
























06( 








08 


08 
18 










1 : 






132 






15' 


16 






BOS 




1 : 


191 


19: 


304 


21 


211 


321 


23 








flOS 


21' 


2 ' 


2e: 


289 


271 






29? 








0') 


607 




3 1 


331 


34( 


34! 






3BI 










39! 


3 ? 


40' 








43: 


141 










flog 


4b: 


4S 


476 


4si 


4»( 


49 


so: 


611 


51 


52 


■ 3 


23 


610 


0. 


J!? 


'1 


B 5 


581 


5BS 


575 
841 


^83 


590 


_B97 


■ 5 


3-? 


Bi: 


63: 


B S 


si 








Si 


e 6 




7 


71 




73: 






!;S 






75! 




7 7 




7 ] 


78 


79! 


bo: 


81 




ei' 


1! 


B2« 


31 


3 9 


84 


8 2 


85 


86 


B7S 






ei 


8- 


394 


01 


9 I 




9 i 






,^*' 










as 


965 


7i 


9 E 




9 f 


•00 












ai 


79 2( 


03; 


4! 


< 




I 






09[ 


OB 






Bl 


B£ 


106 


llf 


1 c 


12 


1 i 








161 






81 




248 


253 


380 


















aau 


267 


274 


381 


3BB 


295 


803 




831 


309 


Slfl 


32 


330 


337 


34 


351 


358 


36 


373 




;'! 






396 


SB 


4og 


40Z 


41 


421 


;2a 


43 




:l 


B23 


449 




6 


m5 


476 




49 


9? 












5lB 


52S 




639 


54t 






B7 












98B 














35 


84 


86 






828 


857 


it 


7 


i 


68; 


89 


69 


75 






■i 


4 1 










gie 




83 




a 




B5S 






eas 


865 


972 


79 




892 


899 


906 


13 


92 


937 


.0 


li 


631) 


934 


941 


943 


853 


881 


988 


973 


993 


989 


998 






631 


30 003 


010 


016 


023 


030 


037 


044 


51 


058 


'oB5 








07! 


7B 


095 


092 


09B 


106 




20 


126 










143 




154 


181 


188 


173 




88 


195 


30 






834 


206 


IB 


223 


22 


235 


243 


2sg 


57 


263 


37 






J38 


27? 


84 




29 


304 


31! 


31 






33 








34S 


5i 








380 


















21 




43 
















838 


483 


89 




50; 


50? 




53 






51 


*i 




63« 


850 






57 


57? 


534 


59 








3 




610 


eiB 


825 


~B3I 


638 


B4S 


652 


659 


~6fl5 


"675 


870 








sse 








713 


719 


726 






715 








763 








73C 


787 




801 




S14 






813 


S3 


928 


93 


B4 


84B 


856 




868 


9 


893 








SB 








915 


92: 


92E 




^9 


_94 


















98S 




*003 










848 


SI 03 








05C 






07t 










847 


09 


097 


10 




113 






IS? 




15 








isl 






17? 


ISl 


191 


19? 


20I 










849 


23J 




2S 


24j 






283 


271 


2 . 








650 


29! 


298 

1 


~30i 

a 


311 


i 


^32^ 
S 


331 
6 


338 

7 


345 


^ 






H. 


~ 


- 


-■ 







TABLE XI.— LOQARITHMS OF NUMBERS. 








^. 


« 


1 


3 


3 


* 


fl 6 


7 


8 


9 


V.T. 


6fiO 


31 as 


29 


3D 


an 


31 


324 33 


~a 


S45 


35 




85 


3 Ue 


37 


378 




39 






in 








4 5 43 




44. 






46 


471 4VS 


48 






4 I 49. 


to 


5i; 




52 






54 


65 




BE 


5 3 5B 




57' 






59 






61 




es 










65 




67f 








B5 




70 


7li 


71 








/4. 


75' 




6S 


7 1 76 


77 


771 






79 


30! 


80 


81 






65 






84; 




B5 


88 














J 


8S 


63Sj 89 


90 


90S 


91. 






934 


94 












661 


95"i ~M1 


98 


974 


seS 


"as" 


894 


•000 


•007 


•015 










661 


M 020 026 


035 


040 


04t 


05 


05 


086 


\j 


079 








i 




086 oa; 


09' 


101 


112 


n: 


12 


13 


3 


1 '. 








B6S 


15l 161 


16. 




177 


18 


19 


19; 




2 i 








664 


217 22; 




23( 


43 


24 








2 i 




■ 3 








302 


01 








3 


3 1 




e«e 


34? 35^ 


38; 


7; 






393 




4 1 




fl«7 




4B( 




31 


44 


46 
















03 










531 




669 




55! 


562 


61 
833 


70 


64^ 
711 


7 7 


91 

Bag 


601 
730 




670 


eo; 814 
672 87) 


823 


827 




671 


69] 


896 


. . .«. 




737 7il 


75i 


76f 


78! 


761 


771 


7 2 




795 








873 


8QI sot 


Bi< 










8 6 




85< 






1 I 


674 


888 B7; 














91 














94; 


84? 


95 


,98 


,9fli 






98! 






3^ 


676 




•00 


*oo; 


•ou 


■02 






*539 


•046 


'05! 








677 


83 051 


08 


071 




08 




ob; 




110 


11( 






4! 


676 












15 


lel 


188 




1B( 








679 


18: 


IB 


201 


203 


21 


21 


225 




233 








I:i 


6B0 


251 


257 


283 




276 


2S3 


289 


~295 


lo2 


sofl 




61 


Sli 


321 


327 


4 


340 


346 


~Y~ 


3 9 


leS 


373 




62 


37t 














4 3 


429 


43E 




63 










46 




i 


4 6 














51f 




53 


63J 


6 


5 


"i 






65 




57 








eoC 




6 3 


619 


6! 








83 


346 






884 


6 


6 6 








B7 




702 


7oa 




72 


72? 


7 




748 




, .*. 


686 


7G9 


766 


771 




78 


790 






80| 








ese 






B3i 






853 




866 


87l 


87 






690 


B85 


891 


397 


904 


910 


916 


925 


929 


93S 


941 




1 U 


6S1 


948 


854 


986 


eee 


97 


97 


98; 


992 


998 


004 






B93 








9 


03 


04 


43 


Oil 


081 






I t'i 


893 


07 


073 


086 


2 


09 


10 




117 


123 


12 






694 


13 


14; 




1 i 








75 


186 


19 












2 7 




23 


36 




24I 














2 3 


288 


29 




u 








687 


32 


32 


335 


342 


34) 










37 




688 


36 


B9 




404 


41 






29 












16 




48l 


172 




485 


91 








JOO 


BID 


618 


622 


528 


635 


I4I 


547 


563 


7^ 


"sB? 




II 




1 


3 


3 


J 


^ 


_^ 


7 


^ 


J_ 


...... 



TABLE XI.— LOGAHITHMa OF NUMBERS. 



N. 


. 


. 


' 


s 


4 


S 


e 


' 


8 


9 


p.p. 


700 


" 572 


57 


534 


52e 

590 


534 


541 


601 


BIJ 


653 
32; 


JBB 




701 


596 


603 






S3 






65: 


651 














703 


BR! 




701 








73: 


731 








701 


75! 


76 


76J 


771 


78: 


78! 


79: 


80( 


801 










92 


831 


83^ 


84: 


343 


B5< 


362 


SB! 






706 


83l 










91] 


917 


92: 


92i 




, ,.». 


707 


»4; 


94 


955 


361 




97: 


979 




991 


997 


70B 


B5 oo; 


00 


Ol! 


021 


021 


03j 


041 


041 


051 


05 








709 


oe< 


07 




083 






10: 


105 


113 








13 


710 


126 


IJ2 


138 
199 


141 


150 

2i; 


166 
21| 


163 


166 


174 


181 






32 


1 


223 


22 S 


23 


3-9 


1 


241 


354 


260 


261 


27 


27J 


2b; 




39 


30: 










309 


315 


321 


325 


33i 


33! 


34i 




35 








l-i 


1 


37t 


37( 










40| 








1 


43( 


43E 


443 


44i 


451 


46 




47! 




481 






19] 


49? 


503 


603 


515 


52 


52' 


53; 


541 


11 




17 




558 


564 


67 [ 


576 






59< 


60( 




71B 


111 


Bie 


624 


B3( 


636 


B4; 


B4I 










71B 


673 


679 


635 


B91 


697 


70 


708 


7li 


721 


737 




730 


733 


733 


743 


751 


755 


763 


769 


775 


731 


_7B? 




721 


7 3 


791 


SOS 


81] 


81! 


82; 


33! 


B3! 


84] 


347 


, . „^„ 


732 


B 3 


BSfi 


gaS 






















723 


a i 


92C 


9^6 


93! 


931 


^B4i 


95( 


^951 


^96 


9B( 






















■010 






"021 








725 




040 






05t 




061 






OS) 








72fl 


I 


099 


105 


ui 


111 




12! 


13! 


14 


14 










1 S 


153 




17! 


17? 




18i 














728 




219 


225 


231 


237 


24i 


24! 


2S! 








I 




729 


273 


J7J 


29l 


295 


296 


30l 


30! 


31; 


32i 


326 






;5 


730 


332 




344 


350 


356 


362 


36B 


374 


380 


386 




7S2 


4S 


11 


405 


409 
463 


41! 


421 




"11 


i 


50 




733 


51i 


51 




621 


53) 




541 


5; 




5B 






56 








59) 


59! 












73 S 












65! 








633 




738 


esE 


69 


B9| 




7li 


71i 


72! 


21 


735 




,. , A 




74f 








77! 








794 


80 




305 










83! 


84: 


84: 


85! 


85 








739 


B3i 


870 


976 


882 


B8t 
"fl4B 


355 


89S 
363 


905 


91! 
970 


97B 




I 


l:i 


740 


935 


»41 


r! 


7*1 


982 


bV 


993 


99 


*005 




* 7 


*02; 


■•025 


•03i 




8 






37 040 


04' 










■ ■ 






oaz 








7M 


099 


10 


113 


11 


12i 


12 






145 


IB] 




ts 


7*4 


157 








Ul 
















21S 






















i 


Hi 


27 


'f 


34 


29J 


30 




31 


32C 


326 




748 


390 






















749 


448 


454 


60 


46 


471 


47 


483 


43 


494 


500 




MO 


KOB 


612 


617 


523 


63S 


535 


541 
6 


S4B 


553 


553 




K. 





1 


2 


3 


* 


' 


7 


~ 


~ 


p.p. 



TABI£ XI.— LOQABITHMS OF NUMBERS. 



K. 





1 


3 


« 


i 


5 


6 


7 




558 


p.p. 


750 


17 BOB 


51 


_"' 


523 


~i 


~5 


~1 


546 55S 




TBI 




670 675| 681' 687 


693 


598 


eoil 811 


6I1 




7S2 




62? 03^' 839 645 


650 66S 




873 




TS3 


e7S' BBS' B91 8BZ' 705 


708 714 


720 


725 731 






737 7131 743. 7S4 760 


766 77: 


777 


783 78! 




765 


794 BOfl BOB 812 Bl^ 


B2S 829; 88: 


846 B4i 




756 


8S3 858 BBS 869 875 




898 904 


. , .*. 




909 915 831 927, 93: 


838 944' B4i 


955 9fll 


7S6 




995 '001 -007 


+01! -Oli 








758 


B8 024 03D' 035 041 047 


053 058 064 


070, 076 






1-8 


760 


DBl 087 093| 09S 104 


110 uSi 12! 


127 


133 






s'o 


7S1 


133 1*4 160 155 la: 


67 173 17 


18. 


90 






2» 




















2ll| 358 264I 286 371 


Bl 281 29 1 398 


0; 






4-8 




50i' 316 328, 326 332 


37 3 3 34 ) 366 






7BS 


3fiB 372 377. 883 3S[ 


94 4 40 41: 
61 4 7 46 1 46! 






765 


423 42a 434' 440 445 


47. 




787 


475 4B5' 491 496' 502 


08 5 3 519, 525 


63| 




768 


B3B 542 !>4T 553: 556 


6? 5 575' 5BI 






7flS 


5b2 596, 604| fi05; B15 


621 6 Ol 832j 638 641 




?70 


849 65? SBO' BBb' B7l 


_677 JB3' BBS 


684' 7Q0 






70!; 711 7lSl 723' 72B 




755 756 


, , s. 


772 


7BI 78? 


773 778 784 




Boe 81 S 








773 


sib; 82; 


82 835, B4[ 




8 3I 861 














902 90?, 9 j 


9 9' 92- 








775 


BSO: 931 






9 5' 980 




I 




77B 


flSBJ 99; 


99 '003, ♦OOi 


"014,*0Jfl*0 ! 


*0 1 


*03 








777 




05 059 Ofl^ 


07O' 075 ] 


7 








q B 


77B 


D9l! 103 


10 ; 1131 125 


128 131 1 J 


1 ! 








l! 


779 


163; 153; 1S5. 170; 17B 


1BI| 187 1 3 


1 i 


20. 




I 


ti 


780 


20S 21fi( 2251 22b| 231 


23T, 243 24S| 264 


265 




7 1 


285 37D' 27B 2B3 28? 


293' 29 304 30fll 315 




7 2 


32C 326, 332 33? 343 


34a 35 369 


3851 375 




7 3 


378 3BT 


38? 393 398 


404 40 4J5 


435; 42B 




7 4 


43T{' 43; 


445! 448' 64 


455 46 47t 


476 481 




7 6 




49B: 503' Ot 


BU 52 52! 






7 6 


543 54) 


55|; 559 ei 








7 7 






625 63 B31 




617 






7 8 
















OB 


79 


707 713 


71a 724 29 


736 74 74B 


751 


767 






U 


790 


785; 788 


773_779: 783 


790, 795 801 


80S 


812 








791 


81 ' 82 


626 834 835 


845 85 956 


8BT 


867 






li 




87 87 BBli 889' 8B4 


BOO 90 511 


OlS B22 








793 


92 93 Bar 943 949 


^953^96 \m 


971 876 








794 


9B 88 993 998 «D04 




♦028 *031 




795 


90 03 04 ; 04! 053 058 


064 06 07f 


OBfl 086 




79 B 




097 


102 107 113 


113 12 ' J23 


135 


H{ 




797 


14 


151 


IBS 1B3 IB? 


173 17 




189 






798 


20 


SOS 


211 218 322 


22? 23 




744 


249 










26B 


B71 27S 
326 330 


S88 


28? 






30S 




BOO 


SDB 


~3U 


I20 


34l 


347 

7 


~353 
8 


358 




X. 





I 


a 


A 


• 





!■. r. 



TABLE XI.— LOQARITHMS OP KUBIBERS. 



N. 





1 


2 


3 


4 


. 


« 


7 


. 


7. 


P.P. 


800 


90 309 


J}} 


~o 


325 


330 


336 


34l 


S47 


35! 




801 


88! 


61 


^r 


37i 


385 


3B(} 


396 


401 


10 


"412 




soa 


41 


23 




13; 


431 


41 


151 




46 






803 




7; 




481 












































8! 










Bi: 


61! 


B3 


82 




eo6 


Bs: 


3B 




eii 


















68 


91 




70[ 


70[ 










73 








4i 




15- 


76; 








78^ 


78 




BOB 


79 


aoo 


so 


811 


BlE 


82 


11'. 


83! 








810 


B4E 


854 


859 


BSii 


870 


875 


BBC 


B86 


391 


B9e 




11 


802 


~90 


613 


91 


923 


B2 


83 


~93 


B15 


9 5 


..A 




855 






9? 




9B 








'0 ; 




J 


] 


° 


IS 


Bl 00! 










036 


04 


01 


05 


: 








I 


14 


oei 










081 








1 










15 




12 


12£ 


13 












1 ! 








J 
















2o: 


20 




2 7 












2 ! 


22 








24 E 


2S 


25 










I 


1 


IB 


a ! 


38j 


asa 


29 




















1 




3 S 














365 


371 


376 




a 


4 


sao 


sal 


"^8B 


392 


~3B7 


402 




lis 


419 


123 






22 


43i 
*87 


«i 


"1 


50 


^n 


16 


48B 


171 


175 


482 


1 




640 


54 


56[ 


55 


61 




57] 












SBS 




eas 








62l 


82 


E35 


64 






84^ 




B5B 




el 


B7 


677 


682 


8b; 


Be 




2fl 


SSI! 


70 


7oe 








72S 




71 




1 




76C 






76 




77 


782 


78 


78! 




1 




803 




313 






82 


834 


BS 


845 


85 




3B 


85S 


9Bf 






B7l 


88 


887 






905 




830 




913 


Blfl 


B23 


92S 


B34 




^41 


B49 






831 


BS~ 


~m 


B70 


976 


981 


9BB 


~MI 


99B 


•002 


•007 


. , A 






01? 




B 




oae 


043 










J 


J 


» 


SSI 


11 


08S 


27 




13? 


08 
14 


096 
148 


153 


1 


11 




1 




I 




16 


22B 


7B 


\ 




IS 


252 






2 7 




5 


1 


\ 


837 




277 










303 


309 


311 


3 










8SB 


83 


32* 


35 


'' s 


315 


35 


35! 


36! 
















37 


381 


3B 


Bt 








415 














840 


428 


433 


43^ 


443 


118 


151 


IVa 


464 


Tea 


"l7i 




841 


47l 


135 


490 


495 


5O0 


505 


"51" 


51 


521 


528 




812 




53S 


S4l 


54! 










672 


57 




849 




588 


693 


59? 


80 


BOS 


81 


81 


821 


62 






634 


635 


644 


649 










B7E 


88 






8b; 






70J 




n\ 












84e 




742 


747 










77; 


77 1 










793 


798 


805 


BO 


BH 


81 


B3 


82| 


83 






83S 


B4l 


850 


855 






87 










848 






962 


957 


~B65 


916 












8fiO 


B42 


917 


985 


"975 


~B7? 


~Mi 


BBS 




N. 


» 


1 


2 


3 


i 


5 


6 


7 


S 


9 


p.p. 



TABLE XI.— LOGARITHMS OF NUMBERS. 



». 





1 


a 


3 


4 


fi 


972 


7 
977 


982 


9 


T.r. 


880 


82 912 


~7 


1^2 


~7 


962 


967 


~» 




SSI 


99j 


998'-O03 


'"001 


•01 


•01 


■023 


•025 


•03 


•03 








049 1 05. 








07. 


07! 


OB 


















12! 


13 








BS4 


14! 


16}! 15l 








176 




18 






S» 


191 


2o: 


207 


212 




22 


22' 




23 








247 


25; 


257 


26i 










28 
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TABLE XII.— LOGARITHMIC SINES, COSINES. TANGENTS. 
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.23203 
.23231 
.23260 
.23288 

■23316 


.97271 
■97264 
.97257 
.97251 
.97244 


.23854 
.23885 
.23916 
.23946 
.23977 


4.19215 
4.18675 
4.18137 
4.17600 
4. 17064 


35 
34 
88 
32 
31 


30 

81 
82 
83 
84 


.21644 
.21672 
•21701 
.21729 
.21758 


.97630 
.97623 
.97617 
.97611 
.97604 


.22169 
.22200 
.22231 
.22261 
22292 


4 
4 
4 


51071 
■ 50451 
■49832 
•49215 
•48600 


■23345 
■23373 
• 23401 
■23429 
•23458 


97287 
.97230 
.97223 
.97217 
.97210 

.97203 
.97196 
.97189 
.97182 
.97176 


.24008 
.24039 
.24069 
.24100 
.24131 


4.16530 
4.15997 
4.15465 
4. 14934 
4 14405 


30 

29 
28 
27 
26 


85 
86 
87 
38 
39 


.21786 
.21814 
.21843 
.21871 
.21899 


.97598 
.97592 
.97585 
.97579 
.97573 


.22322 
.22353 
.22383 
.22414 
■22444 




47986 
.47374 
.46764 
.46155 
•45548 


23486 
■23514 
■23542 
■23571 
■23599 


.24162 
.24193 
.24223 
.24254 
.24285 


4 13877 
4 13350 
4.12825 
4.12301 
4.11778 


26 
24 
28 
22 
21 


40 

41 
42 
43 
44 


■21928 
.21956 
.21985 
.22013 
.22041 


.97566 
.97560 
.97558 
.97547 
.97541 


.22475 
.22505 
.22536 
.22567 
22597 




44942 
44338 
43735 
43134 
42534 


■23627 
■23656 
■23684 
■28712 
■23740 


.97169 

97162 

.97155 

.97148 

97141 


24316 
.24347 
.24377 
.24408 
.24439 


4.11256 
4. 10736 
4. 10216 
4. 09699 
4.09182 


20 

19 
18 
17 
16 


45 
46 
47 
48 
49 


.22070 
22098 
.22126 
.22155 
.22183 


.97534 
.97528 
.97521 
.97515 
.97508 


■22628 

22658 

22689 

.22719 

.22750 




41936 
41340 
40745 
40152 
39560 


.23769 
.23797 
.23825 
.23858 
23882 


.97134 
.97127 
.97120 
.97113 
.97106 


.24470 
.24501 
.24532 
.24562 
.24593 


4. 08666 
4. 08152 
4. 07639 
4.07127 
4.06616 


15 
14 
18 
12 
11 


50 

61 
52 
68 
54 


.22212 
.22240 
.22268 
22297 
.22325 


.97502 
.97496 
.97489 
.97483 
.97476 


.22781 
.22811 
.22842 
.22872 
.22903 




38969 
38381 
37793 
37207 
36623 


.23910 
.23938 
.23966 
.23995 
24023 


.97100 
.97093 
.97086 
.97079 
.97072 


.24624 
.24655 
.24686 
.24717 
.24747 


4 06107 
405599 
4. 05092 
4. 04586 
4. 04081 


10 

9 
8 
7 
6 


65 
56 
57 
58 
B9 


.22353 
.22382 
.22410 
.22438 
22467 

.22495 


.97470 
.97463 
.97457 
.97450 
97444 


22934 

■22964 

■22995 

23026 

23056 




36040 
35459 
34879 
34300 
33723 


.24051 
.24079 
.24108 
.24136 
24164 


.97065 
.97058 
.97051 
.97044 
.97037 


.24778 
. 24809 
.24840 
.24871 
. 24902 


4. 03578 
4.03076 
4.02574 
4. 02074 
4.01576 


5 

4 
8 
2 
1 


60 


97437 


■ 23087 


4 


33148 


. 24192 


.97030 


.24983 


4 01078 


^^ 


' 


Cos. 


Sin. Cot, 


Tan. 1 


Cos. 


Sin. 


Cot. 


Tan. 


t 



It 



274 



76' 



TABLE XIII. — NATURAL SINES, COSINES, TANGENTS. AND 

COTANGENTS. 

14* 15** 



r 


Sin. 


Cos. 


Tan. 


Cot. 


Sin. 


Cos. 


Tan. 


Cot. 


/ 




1 

2 
8 

4 


24192 
.24220 
.24249 

24277 
.24305 


.97030 
.97023 
.97015 
.97008 
.97001 


.24933 
.24964 
.24995 
.25026 
.25056 


4. 01078 
4. 00582 
4. 00086 
3. 99592 
3. 99099 


25882 
.25910 
.25938 
.25966 
.25994 


96593 
.96585 
.96578 
.96570 
.96562 


26795 
.26826 
.26857 

26888 
.26920 


3. 73205 
3.72771 
3. 72338 
3.71907 
8.7147§ 


60 

59 
58 
57 
56 


5 
6 
7 
8 
9 


.24833 
24362 

.24390 
24418 
24446 


.96994 
96987 
96980 
96973 
96966 


25087 
.25118 
.25149 
.25180 
.25211 


3. 98607 
3. 98117 
3. 97627 
3 97139 
3. 96651 


.26022 
.26050 
.26079 
26107 
■26135 


.96555 
.96547 
.96540 
.96532 
.96524 


.26951 
26982 
-27013 
-27044 
-27076 


3. 71046 
8. 70616 
3. 70188 
8.69761 
3-69335 


55 
54 
53 
52 
51 


10 

11 
12 
13 
14 


24474 
.24503 
■24531 
.24559 
.24587 


.96959 
.96952 
.96945 
96937 
.96930 


.25242 
25273 

.25304 
25385 

.25866 


3-96165 
3. 95680 
3. 95196 
3. 94718 
3 . 94232 


-26163 
.26191 
.26219 
. 26247 
.26275 


.96517 
.96509 
.96502 
.96494 
96486 


-27107 
.27138 
.27169 
.27201 
■27232 


3 • 68909 
3-68485 
3 •68061 
3 •67638 
3. 67217 


50 

49 
48 
47 
46 


15 
16 
17 
18 
19 


24615 

24644 

24672 

.24700 

•24728 


96923 
.96916 
.96909 
•96902 
.96894 


.25397 
.25428 
.25459 
.25490 

.25521 


3. 93751 
3. 93271 
3 92798 
3. 92316 
3. 91839 


26303 
.26331 
•26359 

26387 
.26415 


•96479 

96471 

96463 

.96456 

• 96448 


•27263 
.27294 
27326 
-27357 
. 27388 


3 66796 
3. 66876 
3. 65957 
3. 65538 
3. 65121 


45 
44 
48 
42 


20 

21 

22 

23 

24 


•24756 

24784 

24813 

.24811 

•24869 


96887 

96880 

•96878 

•96866 

■96858 


25552 
•25583 
.25614 
.25645 

25676 


3. 91364 
3. 90890 
3. 9041 7 
3. 89945 
8. 89474 


. 26443 
.26471 
. 26500 
-26528 
.26556 


• 96440 

• 96433 
•96425 
•96417 
.96410 


.27419 
.27451 
- 27482 
.27513 
.27545 


3 64705 
3 . 64289 
3 . 63874 
8. 63461 
3. 63048 


40 

89 
38 
87 
36 


25 
26 
27 
28 
29 


•24897 
24925 
24954 
24982 

.25010 


•96851 
•96844 
•96837 
•96829 
.96822 


.25707 
.25738 
.25769 
.25800 
25831 


8. 89004 
8. 88536 
8.88068 
3.87601 
3. 87136 


26584 

26612 

. 26640 

26668 

-26696 


.96402 
96394 

•96386 
96379 

.96371 


27576 

27607 

-27638 

.27670 

.27701 


3. 62636 
3. 62224 
3. 61814 
3. 61405 
3. 60996 


35 
34 
88 
32 
31 


30 

81 
82 
88 
34 


.25038 
. 25066 
.25094 
.25122 
.25151 


96815 

. 96807 

•96800 

96793 

96786 


25862 
25893 

.25924 
25955 

.25986 


3. 86671 
3.86208 
3. 85745 
3-85284 
3-84824 


• 26724 
26752 
.26780 
•26808 
.26836 


-96363 
-96355 
96347 
-96340 
.96332 


27732 
.27784 
27795 
27826 
27858 


8-60588 
3. 60181 
3. 59775 
3. 59370 
3-58966 


30 

29 
28 
27 
26 


85 
86 
87 
88 
89 


25179 

25207 

25235 

. 25263 

.2522i. 

25320 
25348 
.25376 
25404 
25432 


98778 
96771 
96764 
96756 

96742 
96734 
96727 
96719 
•98712 


.26017 
. 26048 
. 26079 
.26110 
.26141 


3. 84364 
3. 83906 
3. 83449 
3 82992 
8- 82537 


26864 
•26892 
-26920 
• 26948 

26976 


.96324 
•96316 
96308 
.96301 
.96293 


27889 
.27921 
.27952 
.27983 
•28015 


8. 58562 
3. 58160 
3. 57758 
8. 57357 
3.56957 


25 
24 
23 
22 
21 


40 

41 
42 
43 
44 


.26172 
.26203 
.26235 
.26266 
.26297 


3 82088 
3. 81630 
3-81177 
3-80726 
3-80276 


■ 27004 
. 27032 
. 27060 
■27088 
27116 


.96285 
96277 
-96269 
.96261 
-96253 


• 28046 
28077 
.28109 
.28140 
.28172 


3. 56557 
3. 56159 
3-55761 
3- 55364 
3-54968 

3. 54573 
3. 54179 
3. 53785 
3. 53393 
3 . 53001 

3-52609 
3.52219 
3. 51829 
3.51441 
3. 51053 


20 

19 
18 
17 
16 


45 

46 
47 
48 
49 


25460 
. 25488 
.25516 

25545 
.25573 


.96705 

96697 

.96690 

■96682 

96675 


. 26328 
.26359 
.26390 
.26421 
.26452 


3. 79827 
3. 79378 
3. 78931 
3. 78485 
3-78040 


.27144 
27172 

. 27200 
27228 

.27256 


.96246 

96238 

96230 

.96222 

.86214 


. 28203 
28234 
.28266 
.28297 
.28329 

28360 
.28391 
.28428 
. 28454 
.28486 


15 
14 
18 
12 
11 


50 

51 
52 
58 
54 


. 25601 
. 95629 
.25657 
25685 
.25718 


96667 
.96660 
.96653 
.96645 

96638 


.26483 
.26515 
.26546 
.26577 
.26608 

.26639 
. 26670 
.26701 
.26738 
.26764 


3. 77595 
3. 77152 
3. 78709 
3. 76268 
3. 75828 


.27284 
.27312 
-27340 
•27368 
27396 


.96206 

96198 

.96190 

.96182 

96174 


10 

9 
8 
7 
6 


55 
56 
57 
58 
59 


.25741 
25769 

.25798 
25826 
25854 


.96630 
.96623 
.96615 
96608 
.96600 


3. 75388 
8.74950 
3.74512 
}». 74075 
3 • 73640 


-27424 
. 27452 
• 2748a 
27508 
-27536 


.96166 

.96158 

.96150 

96142 

96134 


.28517 
.28549 
. 28580- 
.28612 
-28643 


3. 50666 
3-50279 
3.49894 
3. 49509 
3. 49125 


5 
4 
3 
2 
1 


SO. 


25882 


96593 


.26795 


3.73205 


-27564 


96126 


28675 


3.48741 


_o 


/ 


Cos. 


Sin. 


Cot. 


Tan. 


Cos. 


Sin. 


Cot- 


Tan. 


/ 



76* 
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74' 



TABLE Xin. — NATURAL SINES. COSINES, TANGENTS, AND 

COTANGENTS. 



16' 



17' 



/ 


Sin. 


Cos. 


Tan. 


Cot. 


Sin. 


Cos. 


Tan. 


Cot. 


/ 




1 

2 
8 

4 


.27564 
.27592 
.27620 
.27648 
427676 


.96126 
.96118 
.96110 
.96102 
.96094 


.28675 
28706 
.28738 
.28769 
. 28800 


3. 48741 
8 •48359 
3 47977 
3. 47596 
3 47216 


29287 
■29265 
•29293 

29321 
•29348 


.95630 
.95622 
.95613 
.95605 
.95596 

.95588 
.95579 
.95571 
.95562 
.95554 


80578 

80605 

.30637 

.30669 

30700 


3. 27085 
3. 26745 
3. 26406 
3. 26067 
3. 25729 


60 

69 
58 
67 
66 


6 
6 
7 
8 
9 


•27704 
.27731 
.27759 
.27787 
.27815 


.96086 
.96078 
.96070 
.96062 
.96054 


.28832 
.28864 
.28895 
.28927 
.28958 


3. 46837 
3. 46458 
8. 46080 
8. 45703 
3. 45327 

3. 44951 
3. 445 76 
3.44202 
3.43829 
8. 43456 


.29376 
.29404 
.29432 
. 29460 
29487 


.30782 
.30764 
.80796 
.80828 
.80860 


8. 25392 
8. 25055 
3 .24719 
3. 24383 
3 . 24049 


55 
54 
63 
62 
61 


10 

11 
12 
13 
li 


. 27843 
.27871 
.27899 
.27927 
.27955 

.27983 
.28011 
.28089 
.28067 
.28095 


.96046 
.96037 
.96029 
.96021 
•96013 


.28990 
.29021 
.29053 
.29084 
•29116 


.29515 
.29543 
.29571 
.29599 
•29626 


.95545 
.95536 
.95528 
.95519 
•95511 


.30891 
.80928 
.80955 
.80987 
.31019 


3-23714 
8. 23381 
8. 23048 
8.22716 
8. 22884 


50 

49 
48 
47 
46 


15 
16 
17 
18 

ii- 


.96005 
.95997 
.95989 
96981 
•95972 


.29147 
.29179 
.29210 
.29242 
.29274 


8.43084 
8.42713 
3.42343 
8.41978 
8.41604 


•29654 
.29682 
.29710 
.29737 
.29765 


.95502 
.95493 
.95485 
.95476 
.95467 


.81051 
.31083 
.81116 
.81147 
•81178 


3. 22063 
8 21722 
8 -21392 
«• 21068 
3-20784 


45 
44 
43 
42 

41 


SO 

21 
22 
23 
24 


28128 
•28150 
.28178 
•28206 
•28284 


.95964 
.95956 
.95948 
.95940 
.95981 


.29305 
.29337 
.29368 
.29400 
• 29432 


8.41236 
8.40869 
8.40502 
8.40136 
8.89771 


.29793 
.29821 
.29849 
.29876 
.29904 


.95459 
.95450 
.95441 
.95433 
. 95424 


.81210 
.31242 
.81274 
.31306 
31338 


3. 20406 
8.20079 
3.19752 
8.19426 
3 19100 


40 

89 
38 
37 
36 


25 
26 
27 
28 
29 


28262 

•28290 

•28818 

28346 

28374 


.95923 
.95916 
.95907 
.95898 
.95890 


.29463 
.29496 
.29526 
.29558 
.29590 


8.89406 
3. 89042 
3.38679 
8. 38317 
8.87955 


.29932 
.29960 
.29987 
.30015 
.30043 


95415 
.95407 
.95398 
.95389 
.95380 


•31370 
.31402 
-31434 
.31466 
.81498 


3. 18775 
8. 18451 
8.18127 
3. 17804 
8-17481 


35 
34 
33 
82 
31 


30 

81 
82 
83 
84 


• 28402 
28429 

■28457 
28485 

•28513 


.95882 
.95874 
.95865 
.95857 
•95849 


.29621 
.29653 
.29685 
•29716 
•29748 


3- 37594 
8.37234 
8. 86875 
3.86516 
3 -36158 


.30071 
.80098 
.80126 
.30154 
.30182 


.95372 
.95363 
.95354 
.95345 
.95337 


.31530 
.31562 
.31594 
.31626 
.31658 


3.17159 
8. 16838 
3. 16517 
3. 16197 
8. 15877 


30 

29 
28 
27 
26 


85 
86 
87 
88 
39_ 


.28541 
.28569 
•28597 
.28625 
.28652 


.95841 
.95832 
.95824 
.95816 
.95807 


.29780 
•29811 
. 29843 
.29875 
. 29906 


8 •35800 
3 •35443 
3 •35087 
3 84782 
3 -34877 


.30209 
.30237 
.30265 
.80292 
.30320 


.95328 
.95319 
.95310 
•95301 
• 95293 


.31690 
.31722 
.31754 
.31786 
.31818 


3. 15558 
3 15240 
3 14922 
8. 14605 
3. 14288 


25 
24 
23 
22 


40 

41 
42 
43 
44 


28680 
.28708 
.28736 
.28764 
.28792 


.95799 
.95791 
•95782 
•95774 
•95766 


.29938 
.29970 
.30001 
.30033 
•30065 


3 84023 
3.33670 
3 33317 
3 32965 
3. 82614 

3 32264 
8.31914 
8.31565 
8.31216 
8. 30868 


.30848 
.80376 
.80403 
.30431 
.30459 

.30486 
.30514 
.30542 
.30570 
.30597 


•95284 
•95275 
.95266 
.95257 
95248 


.31850 
.31882 
.31914 
.31946 
•31978 


3. 13972 
3.18656 
8. 13341 
3. 13027 
3-12718 


20 

19 
18 
17 
16 


45 
46 
47 
48 
49 


.28820 
.28847 
.28875 
.28903 
.28981_ 

.28959 
.28987 
.29015 
. 29042 
.29070 


95757 
•95749 
•95740 

95732 
•95724 


.30097 
.30128 
.30160 
.30192 
.30224 


.95240 
.95231 
.95222 
.95213 
.95204 


•32010 
.32042 
.32074 
.32106 
.32139 

.32171 
.32203 
.32235 
.32267 
•32299 

.32831 

.32368 

82396 

32428 

32460 

32492 


3. 12400 
3. 12087 
3.11775 
3.11464 
3. 11158 


15 
14 
13 
12 
11 


50 

61 
B2 
68 
64 


.95715 
.95707 
■95698 
.95690 
•95681 

.95673 
.95664 
.95656 
•95647 
•95639 


.30255 
.30287 
.30319 
.30351 
.30382 


3 .30521 
8.30174 
3.29829 
8.29483 
3.29139 


.80625 
.30653 
.80680 
.80708 
.30736 


.95195 
.95186 
.95177 
.95168 
.95159 


3. 10842 
3.10582 
3.10223 
8.09914 
3. 09606 


10 

9 
8 
7 
6 


56 
56 
67 
68 
59 


.29098 
.29126 
.29154 
.29182 
• 29209 


.30414 
.30446 
.30478 
.30509 
.30541 


3. 28795 
8. 28452 
3.28109 
8. 27767 
8. 27426 

3. 27085 


.30763 
.30791 
.30819 
.80846 
.30874 


.95150 
.95142 
95133 
.95124 
.95115 


3. 09298 
3. 08991 
3. 08685 
8.08379 
3. 08078 


6 

4 
8 
2 

1 


fiiL 


.29237 


.95630 


.30573 


-80902 


■95106 


3.07768 





/ 


Cos. 


Sin. 


Cot. 


Tan. 


Cos. 


Sin. 


Cot. 


Tan. 1 ' 



78<» 



276 



78' 



~r 


Sin, 


C.»- 


Tail, 


Cot, 


Sin. Cos. 


Tan. 


Cot. 


> 


« 


■ °^SS 


■85106 






.325 7 


94562 


34433 2 


0421 


" 




. 08 2B 


.95097 


: 32524 


3:07464 


-325 4 


94542 


34485 2 


0147 




2 




.S50B8 


.32558 


3. 07160 


326 2 




84498 2 






8 


, 0985 














9800 




4 


1012 
. 040 


"b5Q70 
.95061 


.32853 


V06252 


:326_7_ 
328 4 


94504 




9327 




5 


345b"6" 1 
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TABLE XIII. — NATURAL SINES, COSINES, TANGENTS, AND 
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Cot. 


Sin. 


Cos. 


Tan. 


Cot. 
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.55469 


1. 80281 


59 
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58 
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.47024 
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1.79911 


56 


6 


.47076 
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1.86499 


.48786 
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1.78441 


44 


17 


47388 


.88062 


.63807 
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.56462 


1-77110 


88 


28 


.47665 
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.66147 




.51562 
.61466 
.61870 
.61375 
.61179 


85 
84 
83 
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31 


30 

81 
82 
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84 


.53780 
.53754 
.53779 
.63804 
. 63828 


.84339 
.84324 
.84308 
.84292 
.84277 


.63707 
.63748 
.63789 
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.63871 




.56969 
.66868 
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.56667 
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.55218 
.55242 
.55266 
.55291 


.83389 
.83373 
.83356 
. 83340 
.83324 


.66189 
.66230 
.66272 
.66314 
.66356 
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.60893 
50797 
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29 

28 
27 
26 


89 
86 
87 
88 

2a. 


.53853 
.63877 
.63902 
.53926 
.53951 
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.84345 
.84230 
.84214 
.84198 


.63912 
.63953 
.63994 
.64085 
■ 64076 




.66466 
.66366 
.66266 
.66165 
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.55815 
.65339 
.66863 
.55388 
■55412 


.83308 
.83292 
.83276 
.83260 
.83344 


.66398 
.66440 
.66482 
.66524 
.66566 


± 
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.50512 
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25 

24 
28 

22 


40 

41 
42 
48 
44 


.53975 
.54000 
.54024 
.54049 
.54073 
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84167 
.84151 
.84136 
.84120 


.64117 
.64158 
.64199 
.64240 
■64281 




■65966 
56866 

.65766 
65666 

.65567 


.65436 
.55460 
.65484 
.55509 
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.83228 
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16 
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49 


.54097 
.54122 
.54146 
.54171 
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84088 
84072 

.84057 
84041 


.64322 
.64363 
.64404 
.64446 
■64487 
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65269 
55170 
55071 
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.65581 
. 55605 
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. 55654 
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.83116 
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.66818 
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49378 
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49190 
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11 


50 

61 
62 
58 
64 


.64220 
.64244 
.64269 
.64293 
.54317 


.84026 

.84009 
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83978 

83962 


.64528 

64569 

64610 

.64653 

.64693 
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54878 
64774 
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.55678 
.55702 
.55726 
.55750 
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■83034 
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10 
9 

8 
7 
6 


66 
66 
67 
68 
69 


.54343 
54866 
54891 
54415 
54440 


83946 
83930 
.83915 
83899 
88883 


.64734 

64776 

.64817 

.64858 

64899 




54478 
54379 
64281 
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64085 


.65799 
55838 
55847 
55871 
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•82985 
82969 
■82953 
■82936 
■82920 


.67339 
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.67334 
.67366 
.67409 
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5 

4 
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2 

1 


Sfi. 
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1. 
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1. 
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TABLE XIII. — NATURAL SINES. COSINES, TANGENTS, AND 

COTANGENTS. 
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Cos. 


Tan. 


Cot. 
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Tan. 


Cot. 
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.55919 


82904 


67451 


1.48256 


57858 


.81916 


.70021 


1.42815 


00 


1 


.55943 


82887 


67498 




48168 


57881 


.81899 


70064 


1.42726 


§1 


8 


55968 


.82871 


.67536 




48070 


•57405 


.81882 


•70107 


1.42638 


8 


.55992 


.82855 


.67578 




47977 


.57429 


.81866 


.70161 


1.42560 


57 


4 


.56016 


82839 


•67620 




47885 


57453 


.81848 


.70194 


1.42462 


66 


6 


.56040 


.82822 


67663 




47792 


57477 


.81832 


.70288 


1.42874 


66 


6 


.56064 


.82806 


.67706 




47699 


.57501 


.81815 


.70281 


1.42286 


54 


9 


.56088 


.82790 


.67748 




47607 


57524 


.81798 


.70325 


1. 42198 


56 


8 


.56112 


.82773 


.67790 




47514 


.57648 


.81782 


.70368 


1.42110 


52 


8 


.56136 


.82757 


■67832 




47422 


.57672 


.81765 


70412 


1.42022 


51 


10 


.56160 


.82741 


.67875 




47330 


.57596 


.81748 


.70455 


1.41934 


50 


11 


.56184 


.82724 


.67917 




.47238 


.57619 


•81781 


.70499 


1.41847 


49 


12 


.56208 


.82708 
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.57643 


.81714 


70542 


1.41759 


48 


13 


.56232 


.82692 
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47053 


.57667 


.81698 


.70586 


1.41672 


47 


14 


.56256 
.56280 


.82675 


•68045 




46962 


.57691 


•81681 


.70629 


1.41584 


46 


15 


.82659 


. 68088 




46870 


.67715 


.81664 


.70673 


1.41497 


46 


16 


.56305 


.82643 


.68130 




46778 


57738 


.81647 


.70717 


1.41409 


44 


17 
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.82626 


.68173 




46686 


.57762 


.81681 
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1.41322 


48 


18 
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.82610 


.68215 




46595 


57786 


.81614 


70804 


1.41235 


42 
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.82593 


. 68258 
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•57810 


.81597 
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90 


.56401 


.82577 


.68301 




46411 


•57833 


.81580 


.70891 


1.41061 


40 


21 


56425 


.82561 


.68343 
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•57857 


.81568 


.70985 


1.40974 


39 


82 


56449 


.82544 


.68386 




.46229 


.57881 


.81546 


70979 


1.40887 


38 


23 
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.82528 


.68429 
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.57904 


.81580 


.71023 


1.40800 


37 


24 


•56497 


.82511 


.68471 




46046 


•57928 


.81513 


.71066 


1.40714 


86 


26 
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.82495 


.68514 




45955 


•57952 


.81496 


71110 


1.40627 


35 


26 


56545 


.82478 


. 68557 
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.57976 


81479 


.71164 


1.40540 


34 


27 


56689 


.82462 


. 68600 




45773 


.57999 


.81462 


.71198 


1.4Q454 


38 


28 


. 56593 


.82446 


.68642 




45682 


.58023 


.81445 


. 71242 


1.40367 


32 


26 


• 56617 


.82429 


.68685 




■45592 


.58047 


.81428 


.71285 


1. 40281 


81 


80 


56641 


.82413 


.68728 




45501 


.58070 


.81412 


.71329 


1.40195 


30 


81 


.56665 


.82396 


.68771 




.46410 


.58094 


.81395 


•71373 


1.40109 


28 


82 


56689 


.82380 


.68814 




45320 


.58118 


.81878 


•71417 


1.40022 


28 


88 


56718 


.82363 


.68857 




45229 


.58141 


.81861 


.71461 


1.89986 


27 


84 


56736 


.82347 


.68900 




45189 


• 58165 


.81844 


.71505 


1. 39850 


26 


86 


.56760 


.82330 


. 68942 




46049 


58189 


.81327 


.71549 


1.39764 


26 


86 
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.82314 


• 68985 




44958 


•58212 


.81310 


.71593 


1-39679 


24 


87 


. 56803 


.82297 


. 69028 




44868 


.58286 


.81298 


.71637 


1.395C3 


28 


88 


.56832 


.82281 


.69071 




■44778 


.58260 


.81276 


.71681 


1.39507 


22 
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. 56880 


.82264 


.69114 


J. 


■44688 


58283 


.81259 


• 71725 


1.89421 


-21 


40 


.82248 


.69157 




■44598 


•58307 


.81242 


.71769 


1.39886 


20 


41 


.56904 


.82231 


. 69200 




44508 


• 58330 


.81225 


.71813 


1.39250 


19 


42 


.56928 


.82214 


.69243 




.44418 


.58354 


81208 


.71857 


1.39165 


18 


48 


.56952 


.82198 


•69286 




44329 


58378 


.81191 


.71901 


1.39079 


17 


44 


.56976 


.82181 


•69329 




■44239 


•58401 


.81174 


71946 


1. 38994 


16 


48 


.67000 


.82165 


• 69372 




■44149 


• 58425 


81157 


.71990 


1.38909 


16 


46 


.57024 


.82148 


.69416 




44060 


58449 


■81140 


.72034 


1.38824 


14 


47 


.57047 


.82132 


69459 




■43970 


•58472 


81123 


.72078 


1.38738 


IS 


48 


.57071 


82115 


.69502 




43881 


• 58496 


•81106 


.72122 


1.38653 


12 


48 


. 57095 


.82098 


.69545 




■43792 


58519 
• 58543 


.81089 


.72167 


1.38568 


11 


50 


.57119 


.82082 


69588 




43703 


•81072 


.72211 


1.38484 


10 


61 


.57143 


.82065 


. 69631 




.48614 


•58567 


.81055 


.72255 


1. 38399 


9 


68 


.57167 


.82048 


.69675 




43525 


■ 58590 


•31038 


. 72299 


1.38814 


8 


88 


.57191 


. 82032 


.69718 




■48436 


•58614 


.81021 


.72344 


1.38229 


7 


64 


.57215 


.82015 


69761 


-.1 


■43347 


•58637 


.81004 


72388 
.72432 


1. 38145 


6 


66 


.57238 


.81999 


.69804 




43258 


•58661 


.80987 


1.38060 


6 


66 


-57262 


81982 


.69847 




48169 


• 58684 


•80970 


.72477 


1.37978 


4 


87 


.57286 


•81966 


.69891 




■43080 


■ 58708 


•80953 


.72521 


1.37891 


8 


68 


.67810 


81949 


69934 




42992 


58731 


80936 


.72565 


1.37807 


2 


69 


.57334 
.57868 


•81932 


69977 


.1 


■42903 
■42815 


•58755 


80919 


•72610 


1. 37722 


1 


60 
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Cot. 
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iB77B 


80903 


72654 1 


7633 


60183 


79B84 


75356 




60 






80836 


72899 1 


76S4 




9346 




.83624 


59 
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8 


i8849 


80350 




7338 






75493 


.32464 




i 


Hm 


90333 


72633 1 
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75534 


__33384_ 
.32304 
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72877 1 


7218 


80298 
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86 


e 






72931 1 






79753 




.32224 




7 


i8B43 


30783 










76675 


32144 




e 


53987 


80735 


73010 1 




60387 








53 




58990 


80748 


73056 J_ 


6883 


60390 


79706 


75767 


'31884 


SI 
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5B0U 


80730 




6B0O 


60414 




75812 


.31904 


BO 


11 


59037 


30713 


73114 






79671 


75653 
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73139 




60480 
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47 
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-75966 
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48 


IB 
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30844 


73323 






46 
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73413 




60576 




76 34 


^31348 




18 


59201 


80593 


73457 


6134 




79547 


.76 30 


-31269 


43 


12_ 


59225 


30576 


73502 


6051 


80622 


79530 




31180 


_41 












60645 


79512 


.78 73 


.31110 




31 






73593 


5885 


80683 


.73494 


.78 18 


.31031 


31 


32 


5B29B 


30524 


73637 


5302 




.79477 




-S09G3 


81 


23 


69318 






5719 


60714 




■78 10 




ST 


M_ 


59342 


30489 




_5832_ 


60738, 
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.76456 


:307B6 


Jl 








73771 
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59388 


30455 




6473 
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84 




59412 


80433 






30307 




'78594 


30558 


IS 








73908 


580T 




-79371 




30480 


33 


39 


sawa 


80403 


73951 


6334 




79353 


Te 33~ 
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31 


30 


30336 






60876 




30 
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5O60 




! 79318 


.76 79 




» 


33 






74068 


4973 










38 


33 


595S2 


80334 


74131 












37 
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ao_31B_ 


74231 ■ 


47S2 


60BB3 


7B247 
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.29931 
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31 


88 




80233 


74287 


4650 










3* 


S7 


59548 








6 38 


-79211 


■ 77 57 
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59839 






4437 




.79193 
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31 


IL. 


59693 
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6 84 


.79176 


-77 49 
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10 
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30212 


74447 
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» 


41 
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74533 
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-'17 4 
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8 
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^77 68 
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9_ 
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.30058 
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a 
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S 


.800 5 
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33026 
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B 
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.73337 
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_L 
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8 123 


33370 


57 


4 


-ale a 


78739 
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23198 
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1 
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1 
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_*« 
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: 77431 


8 763 
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U- 
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3 
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3 


34 


^16. 
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_3 


35 
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RO 


■"62361 
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49 
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.34301 
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TABLE XIII. — NATURAL SINES, COSINES, TANGENTS, AND 
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INDEX 

Paob 

Accuracy 1 

Adjustments of compass 53, 60 

of level 32, 44 

of plane table 105, 109 

of transit 70, 89 

Aneroid barometer 114 

use of 115 

Angles, of quadrilateral 76 

measurement of horizontal, by sextant 107 

by transit 65 

vertical 66 

Area, by division into triangles 142, 146 

by latitudes and departures 147 

formula by D.M.D/s 143 

from lengths and bearings of boundary lines 142 

Attraction, local 52 

Azimuth 68, 160 

by direct solar observation 166 

by Polaris at any hour 172 

by Polaris at elongation 163 

by use of solar attachment 169 

traverse 68, 79 

Back sight in leveling 30, 38 

Balancing the survey 145 

Barometer, aneroid 114 

use of 115 

Base line ^ 134 

establishing a 137 

Bearings, backward and forward 52 

establish a line of given 52 

to determine the 52 

Bench marks 30 

291 
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Pagb 

Borrow-pit, material from 150 

plotting 158 

Bubble, axis of 32 

Building, staking out 86 

Centering the eyepiece 37 

the object glass slide 37 

Chain 7 

use of 9 

testing a 11, 19 

Chaining, precautions in 10 

special exercises in 12 

City block, plotting 156 

survey of 82 

CoUimation, line of 22, 32, 70 

Convergence, angular, of meridians 140 

linear, of meridians 141 

Compass 51 

adjustment of 53, 60 

survey of a hexagon by 55 

use of 52 

Curve, laying out 124 

by offsets from the chords produced 131 

by offsets from the tangents 130 

by tansit and tape 126 

length of 125 

P.I, inaccessible 129 

points of 123 

simple 123 

stationing the 125 

Curves, railroad 125 

Declination of a body 160 

Declination of needle 58 

variation of 53 

Departure 143 

" Don'ts" 5 

Double meridian distance 143 

Drain, plotting profile of 155 

profile leveling for 41 
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Paob 

Elongation of Polaris, time of 163 

Engineer's chain 7 

Errors 10 

Focussing 26 

Foresight in leveling 30, 38 

Grade, laying out simple 45 

plunging a 46 

Grade line, establishing a 31 

Gunter's chain 7 

Horizon glass 105 

Horizontal angle, measurement ■ 61 

by sextant . . . .- 107 

by transit 65 

Index glass 105 

Initial point 134 

Latitude, determination of 161 

problem, Polaris at culmination 174 

problem, sun on the meridian 175 

Level, dumpy 22, 24 

use of 29 

vial 22 

wye 22, 23 

Leveling, diflFerential 29, 37 

profile 30, 41, 44 

Leveling rods 26 

Line, prolongation of 67 

Local attraction 52 

Longitude, determination of 174 

Meandering 136 

Measurement of a line 13 

Meridian, angular convergence of 140 

guide 134 

linear convergence of 141 

principal 134 

Mistakes in chaining 10 

Motions of heavenly bodies 160 

Note keeping 4 

Objects of a survey 1 
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Odometer 12 

Pace, length of 16 

Parallax 26 

Parallel, standard 137 

Passometer 12 

Pedometer 11 

Pentagon, angles of, by tape 17 

Plane table 101 

adjustment of 105, 109 

principle of 102 

use of 102 

Planimeter .' 114 

theory of 114 

use of 120 

Plotting ^ 152 

by bearings and distances 152 

by latitude and departure method 154 

by natural tangent method 153 

details 154 

profiles 154 

traverses 152 

Points, location of 2 

Position of bodies for observations 161 

Principle of reversion 54 

Profile for a drain 41 

for a street 44 

Prolongation of a line 67 

Public lands. United States system of laying out 133 

Radiation 102 

Reducing to horizontal 93 

Refraction 161 

Repetition, method of 76 

Reticule 22 

Reversion, principle of 54 

Secant method in government subdivision 138 

Section, designation of 136 

subdivision of 136 

Sextant 105 
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Paob 

Sextant, adjustment of 112 

theory of 107 

use of 109 

Sights :... 3 

Signals, field 4 

Slope stakes 32 

Stadia 91 

constants 95 

principle of 92 

reductions 94 

rods 94 

Street, profile leveling for 44 

plotting profile of 155 

Survey, by a compass 55 

of a city block 82 

of a field with curved sides 21 

of a portion of a city or town 182 

of a farm 177 

stadia 183 

Surveying, definition of 1 

topographic 91 

Surveys, large 177 

Tangent method in government subdivision 139 

Tapes 7 

use of 12 

testing 11, 19 

Telescope 22 

Tension, normal 10 

three-point problem 103 

Topographic survey 91 

of an area . . . .« 183 

Townships, division into 135 

subdivision of 136 

Transit, adjustments of 70 

setting up 65 

use of 65 

use of, as a level , 66 

vernier on 64 
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Traverse, azimuth 68 

definition of 68 

deflection angle 70 

interior angle 70 

Traversing with the stadia 97 

with the transit . . . . , 79 

Turning point 30 

Three-point problem 103 

Two-point problem 104 

Vernier 28 

on level rod 28 

on transit 64 

on vertical circle 67 

Vertical curve 49 
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